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PKEFACE. 



In the preparation of this book the aim has been to con- 
fine its contents to matters pertaining to the engine room, 
and to so present each subject that the student could readily 
understand it without the aid of a teacher. 

The amount of space alotted to each subject, and the 
method of treating it, has been determined from a considera- 
tion not only out of its importance, but also of the difficulty 
that many are apt to encounter by reason of their education 
having been limited. 

In the parts teaching simple calculations especial pains 
have been taken to make each subject plain and clear, 
by the aid of engravings and of explanatory notes placed 
alongside of the calculations. 

This the author believes will be found to have an especial 
value to the class of readers for whom this book is intended. 

Joshua Rose. 
P. 0. Box 3306 

New York City. 
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Q1TESTI0N8 WHOSE AN8WEBS WILL BE 
LEABNED FBOM PART I. 



WTicU IS the first thing you would do in taking charge of a 
boiler f 

What part of the boiler would you inspect first f 

To whai defect is a safety valve most liable f 

How much water should there be in the boiler when the fire is lit f 

Is a guage-glass always reliable for showing the height of the 
water in the boiler f 

What woxdd you do to find out if the gtuige-glass was showing 
the correct water level? 

What is likely to happen if the steam condenses in the boiler 
without any of the cocks being openf 

Whut parts of the boiler would you clean before lighting the firef 

How would you lay the firef 

Does bituminous or anthracite coal light the easiest? 

How soon would you put coal on after the fire is lit? 

How my>ch coal would you put on the fire at a time? 

How can an even temperature be kept up in the firebox? 

B 
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QUESTIONS WHOSE ANSWEBS WILL BE 
LEABNED FBOM PABT L 

CONTINUED. 

How many times a day should the gauge he blown out? 

J^hat would you suppose was going wrong if the pump was kept 
going and the water still /ell in the boiler? 

What causes a pump to fail f 

Bow may a stuck valve or check-valve be released? 

What would you do if the feed water got so hot thai the pump 
worked imperfectly or not at all? 

Whai causes scale to form in the boiler? 

Wliat effect does scale have on the boiler? 

Wlicd are the principal methods employed to prevent the frn'mxttuyia 
of scale in the boiler? 

Wliat advantage does a horizontal heater possess? 

Wliat is the ^^Priming** or ** Foaming^ of a boiler? 

'Viliat are the known causes of jjriming or foaming? 

Why is it necessary to keep an even temperature in the fire-hoxf 

Wliat determines 7iow thick or deep the fire should be? 

Why do the edges of afire-box rehire more attention than the 
middle? 

What three things are to be considered in cleaning afire? 
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QUESTIONS WHOSE AXSWEBS WILL BE 
LEARNED FROM PAST I. 

CONTINUED 

What should he done to the gauge-glass if the feed water is dirty f 

Why is priming wasteful? 

Can blowing off at the safety-valve cause priming f 

Can you give some other causes of priming f 

How can priming he detected? 

What woald you do to stop priming? 

W^hat would you do to preve7)t priming? 

Wliat parts of the engine would you attend to if the hoiler 
primes f 

What would you do if the water got ^'dangerously low^^ in the 
hoiler? 

In such a case how would you regulate the dampers? 

WJiat do you consider ^'dangerously low^^? 

Wltat is '^Mowing down^^ a hoiler? 

What is ''Mowing off^^ a boiler? 

How much would you ^'blow down'' a boiler? 

How often would you "blow down^^ a boiler? 

How often would you "blow-off ^^ a boiler? 

M what time in the day would you blow downf 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FROM FART L 

CONTINUED 

What is the advantage possessed by shaking grate-bars f 

What preparations would you make before cleaning the fire f 

What tools are used in cleaning a fire f 

What is tJie use of each toolf 

How should the draught be regulated while the fire is being 
cleaned? 

What would you do to prevent blowing off if the engine stopped 
and no steam was being taken from the boiler f 

What does blue flame in the fire-box indicate? 

How mitch water would you have in a boiler when leaving it for 
all night? 

How would you leave the fire for the night? 

Give a safe method of banking afire? 

How should the dampers be left when the fire is banked? 

How would you set the safety-valve for a banked? 

T\^hat is the first thing to do in starting up a banked fiiref* 

How would you regulate the boiler feed? 

How can a pump be regulated so as to be kept pumping without 
uncharging the boiler? 

Cm a continuous feed be maintained ifityectors are usedf 



KEY TO ENGINES AND ENGINE RUNNING. 5 

/ 

/ 

QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FBOM PAST L 

CONTINUED. 

What determines the periods at which a boiler should he washed 
out and scaled? 

How would you regulate the dampers when letting the fire out f 

How low should tlie pressure get before the water is let outf 

What wotdd he the result if the boiler tvas blown off under a high 
pressure f 

What would you do after the water is all out of the boiler f 

"What parts would- you pay especial attention to in examining the 
boiler after cleaning itf 

Whai does the ^^ Hammer Test" consist off 



f 
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PART L 



STATIONARY ENGINE BOILERS. 

The First Thing to do in taking cliarge of a boiler is 
to know from personal inspection that the safety fittings and 
the boiler feeding apparatus are in good order. 

The Safety Valve is the first thing to inspect as it is 
liable to stick in its seat especially in cases in wliich it is 
set at a greater pressure than is got up in tlie boiler, because 
in that case it is not lifted from the seat and in time sticks 
fast there. 

In such cases it is proper to lift the valve at least once a 
day while steam is on. For this purpose a cord may be 
attached to the lever, passing over a pulley directly above the 
lever, and thence to some convenient place near the boiler but 
where it is not liable to get caught and pulled accidentally. 

Before Lighting the Fire see that there is sufficient 
water in the boiler. If there is a gauge-glass on the boiler 
it should show three-quarters full, or three-quarters of a glass 
as it is called. 
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The Gauge-glass may Show a False Water Leyel and 

to be sure that such is not the case, open the top gauge-cock 
and the cock at the bottom of the gauge-glass letting the 
water run through the gauge-glass. Open and close the cock 
below the gauge-glass two or three times to see that the 
water comes to the same level each time. 

If the Steam Pressure has been allowed to fall in the 
boiler without any of the cocks being opened there will be a 
partial vacuum iu the boiler and air must be let in before the 
true water level will be shown either by the gauge-glass or 
by the gauge-cocks. 

0{)ening the upper gauge-cocks will let in the air and it 
should not be closed again until enough steam has been got 
up in the boiler to expel the air again, or in other words until 
steam begins to issue from it. 

The Grate Bars ^nd ash pit should be cleaned of clinker 
ashes etc.,and it sliould be seen that the tubes are clear of 
ashes etc., before the fire is laid, if the grate is a shaking one 
the lever should be applied to see that the grate will shake 
properly. 

To Light the Fire. In the case of anthracite or hard 
coal, as it is sometimes termed, first cover the bars with a thin 
layer of coal and then put in pieces of lighted greasy waste 
(if it is at hand) distributed about the furnace, taking especial 
care to light the fire at the fire-door end and in the comers 
because the fire will spread from the front end towards the 
back easier than it will from the back end towards the 
front. 

The Fire Should Light from the bottom and not from 
the top hence the thinnest pieces of the wood should be put in 

first. 

If there is any soft coal at hand a small quantity of it will 
accelerate lighting the fire as it burns easier and quicker than 
hard coal. 
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Before Puttins: on the Coal the wood should be well 

lighted, the bottom portion of it having ceased flaming. 

This Causes the lighted wood to spread over the bars and 
the fire to light evenly. 

Charge the coal lightly, first covering the places that have 
burned up the most. 

The Fire Door should be kept open as little as possible 
as it admits cold air that is detrimental to the combustion, as 
well as to the drauglit, thence firing should be done quickly. 

A Qood Fireman will maintain as even a tempeature as 
possible in the fire-box by charging lightly and quickly. 

Some Firemen Will, after the fire is at its proper depth 
all over the grates, charge the fire in the front end, that is at 
the fire-door end, and 'push it back, as it burns up, to keep up 
the thickness of fire at the back. 

The Thickness of the Fire depends upon the size and 
kind of coal. 

With Small Coal a fire from 4 to 6 inches deep will 
answer, while, if the lumps are 5 or 6 inches in diameter, a 
fire from a foot to 15 inches deep may be maintained as is 
done in some locomotives. 

The Object is to have the fire thick enough to prevent it 
from burning through in spots or letting cold draughts of air 
pass through it. 

The Sides of the Furnace require particular attention 
not only because cold air is more likely to get througli there, 
but also in boilers having fire-boxes the cool sides of the box 
keep the temperature of the fuel down, hence a thicker fire is 
necessary around the sides than in the middle of the furnace 
or fire-box. 

CLEANING THE FIRE. 
Three Thimn) ore to be Considered in cleaning a fiiey 
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first; that tlie boiler pressure will fall during, and for a short 
time after, the cleaning, second; that the depth of fire will be 
diminished by tlie cleaning, and third; that the temperature 
of the fire will fall during the cleaning. 



SHAKING GRATE-BARS. 

When a Farnace has Shaking Grate-bars the cloAn- 

ing of the fire is greatly facilitated, and witb bars that shake 
singly, (and good coal) the fire is often not disturbed during 
the day, except to shake the bars occasionlly, passing the 
poker through it and using the hoe to keep it evenly spread. 

If the Orate Shakes in sections more cleaning will be 
required to break up the clinker, while if the bars do not 
shake the cleaning assumes greater importance. 

Before Cleaning, therefore, see that there is suflBcienl 

water in the boiler tliat it mmd not be fed while cleaning 
nor just after cleaning, the fire. 

Prepare for Cleaning by having a thick fire on the grate 
so that after cleaning it will burn up quickly, and third, let 
the cleaning be done as quickly as possible. 



THE FIRE CLEANING TOOLS. 

The Cleaning Tools are the hoe which is used to push 
the fire back on the bars, or pull it forward, and pull the 
clinkers to the surface. 

The Slice Bar for slicing or breaking up the fire; the 
clinker hook for pulling out clinkers and the T bar or poker, 
these two tools being used for the same purpose, which is to 
let the ashes down through the bars. 
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In Cleaning First Use the Hoe (the damper being 

wide open) pushing to the back of the furnace all the good 
live coals, drawing the clinker forward within easy reach of 
the fire tools. 

Next Haul Ont the Clinker and tlien use the slice bar 
to loosen, break up and expose any clinker that may be among 
the fire that is filled at the furnace. 

Then with the Hoe spread the fire evenly over the 
bars again, give it a light charge of coal, and close the fire- 
door to let the fire burn up a little. 

As Soon as the Fire is fairly going again use the T 
bar, moving it back and forth lengthways of the bars, with 
the T part laying in the grate thus j^ so that it will lift the 
fire slightly and cause ^e ashes to fall through. 

If the Fire is Foimd to be too thin after the cleaning 
is done it should be restored gradually, building up the 
brightest places first. 

The Draught should be decreased while the fire is being 
cleaned, but the damper should never be entirely closed, as 
this might cause an explosion in the fire-box and tubes. 

During a Temporary Interrnption, as in the case of 

the engine stopping, partly close all the dampers, as it is 
wasteful to make steam and blow it off through the safety- 
valve. 

A Bine Flame is evidence of incomplete combustion, 
but there may be a blue flame and imperfect combustion at 
the back end of the furnace, and a white flame and perfect 
combustion at the other end. 

This is likely to Occur, with heavy firing, near the 
fire-door, and a thin fire at the tube-sheet end of the fire-box. 
In this case the unconsumed gases produced near the fire- 
door (as evidenced by the blue flame) are consumed in pas- 
sing over the bright fire at the tube-plate end of the furnace. 



12 KEY TO ENGINES AND ENGINE RUNNING. 

LEAVING THE BOILER 
FOR THE NIGHT. 

Always Leare Plenty of Water in the boiler when 

leaving it for the night, not only to allow for any leak, but 
also because it gives a fair start in the working and more 
time to remedy any defect in the feed pump if it arise. 

By Plenty of Water very nearly a full guage is meant 
or if there is no guage-glass to the boiler let the water stand 
above the the second or middle cock. 



BANKING THE FIRE. 

The Usnai Method of leaving the fire for the night is 
to bank it. There is an element of danger, however, in bank- 
ing a fire, unless it is done to suit the circumstances, because 
steam may generate very rapidly, and perhaps more rapidly 
than the safety-valve can carry it off. 

A Safe Method is to clean the fire, leaving the clinker 
and ashes covering the front half of the grate and the fire 
piled up on the back half. 

The Damper and Ash-pit Door should be closed tight, 

the fire-door open, and the fire well covered with fresh coal, 
choosing small rather than large coal. 

If this Method is found not to keep up the fire suflBciently 
the same plan may be employed, except that the ashes and 
clinker may be removed, and if this still leaves too cold a 
boiler and too poor a fire in the morning, the fire may be 
left spread over the grate but heavily covered with fresh 
coal, the draught being stopped as much as possible by closing 
the dampers and opening the furnace door. 

To Fnrther Ensure Safety ^'^^ weight on the safety- 



KEY TO ENGINES AND ENGINE RUNNING. l3 

valve lever should be pushed towards the valve, so as to cause 
the safety-valve to blow oS. at a less pressure than during 
the day. 



STARTING UP A BANKED FIRE . 

In Starting up a banked fire in the morning first close 
the fire-door and open the damper so as to give the fire all 
the draught possible, and let it burn up a little, then if it has 
been piled up at the back of the furnace clean out the ashes 
by passing the T bar beneath the fire, and spread it over the 
grate, letting it bum up a Httle before making up the fire. 



FEEDING THE BOILER. 

Th6 Fireman should endeavor if possible to so regulate 
the boiler feed that it is kept going as nearly continuously 
as possible while maintaining a uniform quantity of water 
in the boiler, and this, with uniform firing, will give the 
greatest economy. 

When Pnmps Are Used to feed with, the amount of 
the lift of the valves can be regulated by a screw, so as to 
vary the amount of water the pump will deliver, and in this 
case, it is comparatively easy to set them, so that the pump 
may be kept going without putting too much water in the 
boiler. 

When IiyeetorS Are Used, however, the feed will be 
intermittent, and a uniform quantity of water in the boiler is 
best obtained by feeding at short intervals, stopping the feed 
when the fire-door is opened much, as when cleaning the fire. 

If The Feed Water Is Dirty the gauge-glass should 

be kept clean by first shutting off the upper cock and open- 



14 KEY TO ENGINES AND ENGINE RUNNING, 

ing the lower one, so as to let the water blow through the 
lower cock, and then shuttinpj off tlie lower cock from the 
boiler, and opening the upper one, which will let the steam 
blow all the water out of the glass. This should be done 
two or three times a day, so as to keep the holes in the 
boiler, and those in the cocks from closing up with 
fur or scale. 

If The Water Falls in the glass, or if the gauge cocks 
show the water to be falling, notwithstanding that the feed 
pump has been started, it is evident that the pump is not 
working. 

Tbis May Occur from a stuck valve; a leak in the suc- 
tion pipe, from the feed water being too hot, or from the 
pump failing to start in action from leaky or choked valves. 

A Stuck Valve niay generally be relieved by striking a 
few blows on the outside of the pump with a hammer and a 
block of wood, or if this does not answer, with the hammer 
only. Check valves are the ones most likely to stick. 

If a Pump Fails to Work by reason of the feed water 
being too hot, the remedy is to open the pet-cock to let the 
steam out of the pump, but if this does not succeed, cold 
water may be poured on the outside of the pump which will 
start it, after which, in most cases, the pump will keep going 
and the pet cock may be closed. 

If the Suction Pipe has a joint, a leak there will impair 
the action of the pump, and, if the leak is great enough, will 
stop it, the remedy is make the joint tight. 

Plunger Pumps Sometimes Fail to act, because the 

plunger has worn so small in diameter, that there is sufficient 
air between the plunger and the pump barrel to expand and 
compress without lifting the valves; the remedy is obviously 
a new plunger of as large diameter as the pump gland will 
admit of, boring the gland out to admit the new plunger. 



Key to engines and engine running, is 
BLOWING OFF THE BOILER. 

All the Impnritios in the water are obviously left in the 
boiler when the water has evaporated, and it is obvious these 
impurities must be blown off or they will form scale on the 
internal surface of the boiler and the external surface of the 
tubes or flues. 

This scale obstructs the passage of the heat from the iron 
to the water, and if let get thick enough, will cause the iron 
to rapidly burn out. 

To Prevent the Formatiom of Scale two principal 

methods are employed, one being to purify the feed water, 
and the other to occasionally blow the impurities out of the 
boiler. 

Feed Water Heaters generally serve also as purifiers 
and their effectiveness is increased in proportion as the water 
can pass quietly through them, and has a large area on which 
the impurities can settle. Horizontal heaters have the ad- 
vantage that they have a large settling area, and a less dis- 
tance for the impurities to fall through before. 

LOW WATER. 

The gauge-glass and the lower gauge-cock are usually set 
so as to have a margin of about three inches of water above 
the tubes or crown sheet of the fire-box, hence if it is known 
that the water is but just below the bottom of the gauge- 
glass or gauge-cock, there is no positive danger, although it 
is improper to let it get so low. 

If the Water is Out of Sight and it is not known ex- 
actly how low it is, then it is dangerously low, and every 
minute is of vital importance. 
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Shonld the Water get Dang:eroasly Low in the boiler 

the most dangerous thing to do is to lift the safety-valve or 
pump in cold water, especially if it is not known how much 
water there is in the boiler. 

As quickly as possible cover the fire with ashes, coal, earth, 
sand, or anything that is at hand that will smother the fire, 
and close the draft to the fire, leaving the fire-door and the 
chimney damper open. 

Leaye all the Steam Outlets Just as they are^ and 

also the feed. 



PRIMING. 

PrimiDg, which is also called ''Foaming," is that the 
steam carries up water into the steam space. This may arise 
from several causes, but it is well known that what will stop 
priming in some cases will cause it in others. 

The Known Causes of Priraine: are, first; too little 

room for the steam in the boiler, and it follows that a high 
water lever may cause priming, second; it may be caused by 
a difference of temperature between the water and the 
steam in the boiler. Suppose, for example, that the pressure 
of the steam and water in the boiler is 160 lbs. by guage, 
and its sensible temperature will be 370 degrees. Suppose 
then that enough steam is permitted to escape from the boiler 
to reduce the steam pressure to 140 lbs., and its temperature 
will be reduced to 361 degrees. But the water will remain 
at 270 degrees and the result will be that it will pass into 
steam so rapidly that it will carry up the water and liold it 
in suspension in among the steam. The water will pass with 
the steam into the engine cylinder, and the boiler will be said 
to "prime" '<foam" or ''work water.'' The same thing may 
happen if the water is heated very rapidly. 
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Priming is Wasteful because it rapidly empties the 
boiler of its water, and dangerous because it may cause the 
piston to knock out the cylinder-head or. cover. 

When the Safety-Talve blows off priming may be induc- 
ed, especiall3r if the engine is at work, because in this case 
the boiler is being forced, or, in other words, is making steam 
more rapidly than it is designed to do. and the passage of so 
large a body of steam througli the water is apt to lift it. 

• 

Muddy Water will sometimes cause foammg or priming; 
as will also insufficient circulation of the water in the boiler 
or sometimes the presence of grease or oiL 

Priming may be Detected f I'om the discharge of watei 

with the steam when the guage-cock is opene^J, the steam 
looking white and fluttering as it escapes, and also by violent 
motion of the water in the guage-glass, or by a thump or 
pound at the ends of the piston-stroke. 

To Stop Priming the steam from the boiler should be 
decreased by slackening the speed of the engine, or if neces- 
sary, by stopping it. The true water level can then be seen 
and if there is too much water in the boiler some of it may 
be blown off, while if the quantity of water in the boiler 
will permit it, the feed may be put on. 

If the Boiler has a surface blow off cock, or a mechan- 
ical boiler cleaner, it is best to biOw off from that, as it carries 
off the scum at the same time as relieving the boiler. 

To Prevent Priming a steady and uniform rate of 
boiler feed, the use of pure water, a clean boiler, and steady 
firing are the best means, turning on the steam slowly so as 
not to violently disturb the water in the boiler. 

The Engine as well as the boiler requires attention 
when the boiler primes. Thus the cylinder cocks should Vje 
opened to let out the water from the cylinder and prevent 
breakage. ^ 
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. CLEANING THE BOILER. 

The Stoam Leases behind it all the impurities that the 
water contained, and these impurities deposit in form of 
mud and scale, which must be got rid of because it causes a 
loss of fuel, and if allowed to get thick enough will cause 
the boiler to burn. 

The use of Boiler Compounds or scale preventatives 

may be resorted to with advantage, providing they are of a 
nature to suit the water, but mechanical cleaning must also 
be resorted to at periods determined by the nature of water. 

Boilers are cleaned in Two Ways, first; by blowing 

off the impurities before they have formed into scale, and 
second ; by removing at certain intervals, whatever scale has 
formed. 

Blowing Down niay be done in two ways, first; from 
the surface of the water by means of mechanical cleaners, 
and second; by blowing out from the bottom of the boiler. 

The First draws off the impurities as they are thrown to 
the surface, the second draws them off after they have become 
more condensed and sink to the bottom. 

How Often a Boiler shonld be Blown Down de- 
pends upon the kind of water fed to the boiler, where, 
purifiers are used less blowing down is obviously needed. 

It is Best to blow off from the bottom of the boiler 
when no steam is being used, as during dinner time, letting 
the water blow down about a quarter of the glass, or from 
the upper to the middle guage-cock. 

As no Steam is Being Used the feed can then be put 
on to restore the quantity of water without reducing the 
temperature of the boiler so much. The feed should be 
gradual and the fire regulated to keep the steam pressure 
even. 
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WASHING OUT AND SCALING 

THE BOILER. 

How Often a Boiler skould be Washed Out &^^ 

cleaned depends upon the quality of water it uses, and vanes 
from about once a week to once a month, according to wliether 
bad and unpurified water or purified water is used. 

The Eirst thin^ to do is to draw the fire, leaving the 
chimney damper open and closing all the other dampers 
so that as little cold air as possible can get into the boiler, 
while the heat can pass away up tlie chinmey. 

Let the Steam and Water all remain in the boiler 
until there is a guage pressure of about 5 lbs. in the boiler. 

Then Open the Blow oflF cock and let out the water. 
If the water is blown off under a high pressure, then after 
the waste is all out the iron is hot enough to dry up the scale 
making it hard and very difficult to remove. 

After all the Water is Blown OflF take out all the mud 

plugs and the man -hole and hand -hole covers, and wash out 
the boiler under as much water pressure as can be had, direc- 
ting the hose so to reach all parts of the boiler and tubes, 
and continuing the washing until the water leaves the boiler 
clean. 

Then with a wooden hoe on a piece of gas-pipe of small 
diameter for a handle, and small enough to pass through the 
hand hole, draw all the loose scale to the hand hole ana re- 
move it, letting the water run slowly so as to carry the small 
pieces of scale towards the hand hole as fast as the hoe dis- 
turbs it. 

Then Get Inside the Boiler and a few blows with a light 

ball-pened hammer will loosen the scale, and a steel scraper 
will remove more, which must be washed down and drawn 
out with the hoe. 
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After the Cleanini? and Kcaling is complete the engin- 
eer, with lamp in hand sliould carefully examine the interior 
of the boiler and of the fire-box paying especial attention to 
the stays to see that they are not broken. 

The Hammer Test should also be applied. It consists 
of sounding the boiler by light blows given by a light ball- 
pened hand hammer the sound indicating defective places. 



-oio- 
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<tU£STTONS WHOSE AN8WEB8 WILL BE 
LEARNED FROM PART U. 

Name all the parts of a simple or plain D slide-valve engine 
beginning with the cylinder f 

Into what three divisions may these parts he divided? 

What parts constitute the valve motion or valve gear? 

What parts constitute the driving or power transmitting mechan- 
ism? 

What is the meaning of the word " Clearance " as applied to an 
engine cylinder? 

Name the attachments used upon an engine cylinder to lubricate 
the piston and valves? 

What is the difference between a cylinder ^^Pet-cock^^ and a cylin- 
der ^^ Relief -valve'^? 

What ts a ^^Jacketted''' cylinder? 

What is a *^Releasing^^ valve gear? 

What is a ^^Positive^^ valve gear? 

What is the ^^Lead'^ of a valve? 

What is the ^^Lap^^ of a valve? 

What is the ^^ Point of Admission^^? 

At what point in the valve travel does ^^ Cushioning^^ begin f 

What is a piston ^^FoUower"? 



22 KEY TO ENGINES AND ENGINE RUNNING. 



QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FROM FART IL 

CONTINUED 

What are the two principal kinds of connecting-rodsf 

What effect does the '^^Angularity^^ of the connecting-rod have on 
the piston motion f 

Is this effect increased or diminished hy shoitening the connecting- 
rodf 

What is meant hy the term ^^Cutting^^ as applied to a journal or 
bearing? 

What is a ^^ Center Crank^^f 

What is (he difference between a crank and a crank disk? 

When the crank is at i Is point of full j^ovrr is the piston in the 
middle of the cylinder? 

Is it nearer to the crank-end or the head-end if the cylinder? 

What causes this irregularity of the piston motion? 

What constitutes the '■'Live Steani^ period if a piston? 

Wliat is the '^ Point of Cut-off''? 

What causes the steam to be ivorkcd expansively in an engine 
cylinder? 

What are the points of ''Release" and of ''Compression''? 

What is a ^'Double-ported" valve f 

What is a ^^Griddle^^ valve? 
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QUESTIONS WHOSH ANSWERS WILL BE 
LEAfiNED FROM FART IL 

CONTINUED 

What is a ^^ Balanced valve'^? 

What is a ^^ Piston-valve^^? 

What is a ^^ Cutoff valve*^ and what event does it control in the 
disposition of the steam to the cylinder? 

How is the point of ciU-off varied when a cut-off valve is used? 

What is a ^^Throttling^^ governor? 

What is an ^^ Isochronal" governor? 

What is a ^^ Forward" running engine? 

W/iat is a ^-Backward" running engine? 

How would you proceed to start a plain slide-valve engine? 

What is the best position f/r the crank to he in to start the engine 
and why is it the best position^ 

What would constitute a compleh examination of a plain slide' 
valve engine? 

In what order should such an examination he made? 

How would you take a lead for adjusting the fit of a hearing to 
its journal? 

How would you test the lead of a valve? 

What is the first thing you would do in taking charge of an 
engine? 
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<{UE8nON8 WHOSE 158WEB8 WILL BE 

■ 

LEIBNED FBOM PAST IL 

CONTINUED. 

What would cousdfute the least permtsstble examination of an 
engine with a due regard to safety? 

I low would you proceed to find if the clearance in the cylinder 
wan e'lual at each end? 

Ih it jrrojter to ^^Square^^ a plain slide-valve? 

How doen the wear of the parts affect the lead in vertical 
erifjiri^iH? 

What would you do if ilie crankshaft hearings began to heat? 

What are the principal causes of hot crank-pins? 

At w hit part of the cylinder-hore should the split of a piston- 
ring he placAid? 

IIow tight fihould a piston-ring fit to the cylinder-h^re? 

Why in Mijuarc or oval packing preferable to round packing for a 
nluffiug-box? 

Which guide-bar is the most difficuU to oil, the top or the bottom 
one? 

h there any difference between the action of a plain slide-valve 
ami a piston valve if both have the same amount of lap, lead 
and travel? 



PART JI. 



THE STEAM ENGINE. 

The Steam Engine, in whatever form it exists, consists of 
a frame or bed-plate carrying at least two distinct mechan 
i^ms, first, the driving, or power transmitting, mechanism, 
and second, the valve-gear or valve-motion, and to these are 
added such other mechanisms as the nature of the duty the 
engine is to perform, may require. 

The most prominent of these additional mechanisms is a 
governor for regulating the speed at which the engine is to 
run; nearly all steam engines require a governor in some 
form or other, while for electric lighting and some other 
purposes, it constitutes the main feature in the design of the 
engine. 

Figures 1 and 2 are side views of a Common Slide- Valve 
Engine, and figure 3 is a plan with the cylinder and bed- 
plate shown in section. 

The Piftton^ piston-rod, cross-head, connecting-rod, crank, 
crank-shaft, and fly-wheel constitute the driving or power 
transmitting mechanism. 
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The Valve Gear, m Tihe Molion consists of the eccen- 
tric and its strap, the eccentric-rod, the vilve rod guide A, 
the valve rod or valve spindle, and the valVe V", these parts 
controlling the admission of steam to one side of the piston, 
and the exhaust from the other. 

The steam side of the piston is ttiat against which the 
steam is pressing, as side S in the figure. Th& exhaust side 
E of the piston, is that on which the steam is passing out or 
exhausting. - ' 

The OOTemor, for a common D yalve engine, regulates 
the engine speed by varying the opening' in Ihe bore of the 
pipe, through which the steam passes from thfe'bfeiler to the 
steam chest; leaving^ d, -wider opening in projidrtion as the 
engine runs slower, and reducing the opening when the 
engine runs faster. Assuming the engine to* be running at 
its slowest, or its load to be so great that-a.ittll supply of 
steam is required in Order to keep the engine up to its proper 
spcod, and the governor will be open at its widest, so that all 
the further action the governor can have- is tfir'.reduce the 
steam pipe opening, and thus cause the pressure fti the steam 
chest to be less than that in the steam pipe. 

This Action is called Wire-Drawing the steam, and 

the governor is called a throttling governor.; 



. ■-■.•» ■ -■ 



THE PARTS OF A STEAM EN:6INE| 




An Engine Bed or Bed-Plate is a frame that .ds 

or bedded to its foundatioii along its whole length: '^' 

An Engine Frame is. seated* to its foundation at twp ' or 
more places, but not continuously throughout its lenjgth'. 

Bed -plates and frames are necessarily subjected to two 
principal strains, first, a longitudinal strain that endeavors 
to push the cylinder and main tearing apart, and second a 
vertical strain which is at its greatest when the crank is in 
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Its positions of greater power, and is caused by the angle at 
whicli the connecting-rod stands to the length of the bed. 

Frames, with a Single Main Bearing, are subjected to 

a third strain caused by the leverage of the crank-pin to the 
main bearing, and acting to bend the frame sideways. 

An Ideal Engine Frame or Bed, would, therefore, be 

one which is not deflected by the expansion and contraction 
of the cylinder, and in which there was equal strength both 
above and below a line passing from the center of the crank- 
shaft through the axis of the cylinder bore, and equal strength 
on each side of such a line, the crank having journals on 
both sides of the crank-pin and connecting-rod, while the 
metal is disposed in the direction of the strains. 

Accessibility to the cross-head, guide-bars, etc., however, 
becomes more difficult in proportion as they are enclosed 
within the frame. 

Frames or beds, with one crank or crank-disk, require 
more strength on the fly-wheel side than on the other side of 
the frame, because the main bearing is on that side. 

When the guide- ways for the cross-head are in the frame, 
they are subject to any spring or deflection that may exist in 
the frame from the strains. 

THE CYLINDER. 

Cylinders are secured to the engine frames in three 
principal ways, as follows: by bolting them down to the 
bed-plate; by bolting them to one end of the bed-plate so 
that they may expand and contract without springing the 
bed-plate, and, in vertical engines, by bolting them to the top 
of the frames. 

The bores of cylinders require to be parallel so that 
the piston-rings may fit to the bore without requiring to 
expand and contract in diameter at different parts of 
the stroke. 
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The Sizes of Cylinders- Cylinders are designated ia 
size by the d iameter of the cylinder bore and the length of 
the stroke, thus a 10x12 cylinder has a piston of ten inches 
diameter and 12 inches stroke. 

The Wear of a Cylinder Bore, is (if the engine is k^ 

in proper line, and the piston-rings or packing-rings, as they 
are sometimes termed, fit to the bore with an equal pressme 
throughout the stroke), greatest near the middle of the length 
and least at the ends of the stroke. But when the piston- 
rings are set out by the steam pressure, and the point of cut- 
off occurs early in the stroke, the wear may be greatest at 
the ends of the cylinder bore, because of the pressure of 
the steam diminishing during the expansion. 

The counterbore of a cylinder is a short length at 
each end of the cylinder, that is made of larger diameter 
than the rest of the bore, so iliat the piston head may 
travel completely over the working bore and thus prevent 
the formation of a shoulder at each end of the cylinder. 
Such a shoulder forms when there is a part of the bore over 
which the piston does not pass The length of the counter- 
bore should exceed the amount of the taper on the connect- 
ing-rod key, so that as the connecting-rod length alters from 
the wear, the piston shall not strike the cylinder head. 

The Clearance of a Cylinder is the amount of space 

that exists between the face of the piston when it is at the 
end of its stroke, and that of the valve when it covers the 
port, the piston being at the end of the stroke, and as this 
space exists at each end of the cylinder, the total clearance 
for a revolution is twice the above amount. 

The clearance at the crank-end of the cylinder, is reduced 
by the piston-rod passing through it. 

The Amount of Clearance may be measured by the 
following method, which has been given by Professor, John, 
E. Sweet: 
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See that the piston and valves are made tight, and the 
viilves disconnected; arrange to fill the clearance spaces with 
water through the indicator holes, or holes drilled for the 
purpose. Turn the engine on the dead center; make marks 
on the cross-head and guide that correspond; weigh a pail of 
water, and from it fill all the clearance space. Weigh the 
remaining water, so as to determine how much is used. 
Then weigh out exactly the same amount of water, turn the 
engine off the center, pour in the second charge of water, 
and turn back until the water comes to the same point that it 
did in the first case. Make another mark on the cross-head, 
and the distance between these marks is exactly what you 
really wish to know; that is, it is just what piston-travel 
equals the clearance. This gives the proportion that the 
clearance space bears to the space in the cylinder, occupied 
by the steam at the end of the piston -stroke. Thus, if it takes 
one pound of water to fill this space, and to admit another 
pound of water, the piston must be moved one inch, tlien 
the clearance bears the same relation to the capacity of the 
engine as one inch bears to the stroke of the piston. Thus, 
under these circumstances, in an engine of ten-inch stroke, it 
would be said the engine had ten per cent, clearance. 

When a Cylinder in to be Bebored the boring bar 

should be set true or central to the circumference of the 
counterbore, so that the bore of the cylinder may be brought 
to its original position with reference to the bore of the 
stuffing box. 

In determining the proper thickness of a cylinder the 
reboring must be taken into account, and an allowance in the 
thickness made for it. 

Bnle for finding the proper thickness of a cylinder: 
Multiply the diameter of the cylinder in inches, by the 

pressure of the steam in lbs. per square inch; divide the 

product by 4,000 and to the quotient add |. 
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Cylindors require lubricating both to avoid friction aol 
wJBar of the cylinder bore, as well as of the valve and yal?B 
seat. The amount of lubrication required, depends upon the 
degree of tightness of the piston-rings; upon the speed of the 
piston; upon the amount of pressure of the valve to its sett 
and upon the method of operating the slide-valve. 

Cjlinders with Releasing Talye Gears require fre^ 

lubricating because the closure of the valve depends upon the 
dash-pot, and undue friction retards the closing motion. 

Tlie Less the movement of the valve at the momtot of 

its release, the easier it is to move it, because the fiictioii is 
less and less lubrication is required. 

Cylinders ^'^e lubricated by Automatic oilers plaoedon 
the steam pipe of the engine, the oil being distributed ova 
the surfaces by the steam. 

Cylinder oilers sometimes have a pump to force the oil 
in, and in others the steam in the oiler condenses, and 
the water thus formed floats the oil over the top of a tube, 
or up to an orifice through which the oil gradually feeds as 
the condensation proceeds. 

In Other oil feeders, the feed is regulated by increasing 
or diminishing the opening through which the steam passes 
from the cup to the steam pipe. 

8ig:ht Oil Feeders are those in which there is a glass 
tube or body, in which the passage of the oil can be seen as 
it drops. 

Cylinder Pet-Cocks are employed at each end of the 
cylinder to let out the water that condenses from the steam 
when admitted to a cold, or partly cooled, cylinder. The two 
cocks are usually connected together by a rod, so that both 
may operate together. 

Cylinder Relief-Valyes are valves at each end of the 
cylinder to relieve the cylinder from the charges of water 
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tltat sometimes enter from the boiler with the live eteam. 
Figure 4 showe the relief-valves employed on the cylinder 
of the Buckeye Engine. It consists of a valve huld to ita 
seat by a spiral spring whose tensioa is sufficieDt to keep the 
valve to its seat under ordinary presEure, the excessive 
pressure from a charge of water, however, will open the 
valve and let the water escape. This valve also serves the 
purpose of a pet-cock, because, by operating llie arm a the 
valve is opened, and the water, formed on first starting the 




Fig. 4. 



Fig. 5. 



engine, escapes. The arms o of the two waste cocks or relief- 
valves are connected together so that the valves at each end of 
the cylinder may be operated simultaneously by a single rod. 

IMiigley^B Antomatte Safety-Coek is shown in Fig. 5. 

The water from the cylinder enters at I, as shown by the 
arrow, aud escapes past the valve V. "When the water has 
escaped and steam begins to pass out, its expansive force acta 
on the area of the piston F, causing it to lift the_ valve and 
close it. This action is due to the piston F being greater 
than that of the valve V. 

The spiral spring B is of just sufficient strength to support 
valve V, and is only intended to take o& or ease the ramming 
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action of piston P, as also to give way when water ponn 
through inlet I. At the exhaust of every stroke the valve 
V and piston P fall back and assume the position shown in 
the figure, leaving V banging just clear of the seat. 

Should Water appear again after the engine is started, 
the operation, as before described, is gone through with again. 

CYLINDER PORTS. 

steam Forts give a quicker admission in proportion as 
their length is increased, and this reduces the amount of valve 
travel, and are sometimes given a length equal to the diam- 
eter of tlie cvlinder bore. 

The bottom of the steam ports are sometimes so placed 

as to be below the level of the cylinder bore so as to drain 
off the water of condensation of the steam. 

Rule to find the required area of steam port: 
Multiply the area in square inches of the piston, by the num- 
ber opposite to the given piston speed in the following table: 

Speed of piston in Number by which to mul- 

feet per minute. tiply the piston area. 

100 002 

200 004 

300 006 

400 007 

500 009 

600 01 

700 012 

800 014 

900 015 

1000 017 

The cylinder exhaust port must be open when the valve 
is at the end of its travel, to an amount equal to the width of 
the steam port, but what this width will be in any given case 
depends upon the width of the bridges, the amount of the 
steam lap and the travel of the valve, as will be explained 
with reference to the shde-valve. 
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JACKETTED CYLINDERS. 

Jackettcd Cylinders s^^e those in which there is a space 
KTOund the cylinder that is filled with live steam. 

The Object of Jackelting is to prevent the loss of heat 
Erom the steam within the cylinder, by radiation. The 
steam in the jacket should be received direct from the boiler 
and should not be drawn from the jacket into the steam- 
chest because the jacket reduces its temperature and con- 
denses it. 

The Water of Condensation of a steam jacket should 

not be allowed to accumulate in any part of the jacket, but 
should drain off and pass back to the boiler. To render the 
jacket as effective as possible, it should extend from end 
to end of the cylinder, the exhaust steam -pipe leading 
directly away, so as to have as little communication with 
both the cylinder and. the jacket as possible. 

The jacket should have open communication with the 
boiler at all times, so as to have the pressure in the jacket 
at the same pressure as that in the steam chest, while the 
cylinder being kept hot, it will be unnecessary to blow steam 
through in order to warm the cylinder when starting the 
engine. The steam should enter the jacket at the highest 
point so as to prevent the accumulation of air in the jacket. 
Or, if the steam is admitted at some other point, it should be 
so arranged as to permit its thorough circulation in the jacket. 
When a jacket is used the metal of the cylinder body should 
be as thin as possible, because the transmission of heat 
through the metal is, both in time and quantity, inversely as 
the distance or thickness passed through. 

The steam in the jacket should be as dry as possible, so 
that all wet steam admitted during the live steam period may 
be evaporated by the heat received from the steam in the 
jacket. The outside of the jacket should be thoroughly 
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protected from cooling by being lagged or clothed with felt, 
or some other material that is a non-conductor of heat 

From Experiments made by Mr. Charles, A, Smith, d 
St. Louis, it was found that tlie amount of variation of temr 
perature that occured during the stroke in a locomotive cylin- 
der, was inversely proportional to the speed of Engine 
revolution, which shows the advantage of Jacketting Cylin- 
ders and of lagging them, as well as the advantage of a 
high rotative speed. 

A Lag^ged Cylinder is one clothed, which is sometimes 
done with wood or metal strips, leaving an air space aronnd 
the cylinder, while in others this space is filled with felt, or 
some non-conducting material. 

Experiments made by Charles, E. Emery, gave the follow- 
ing general results: The thickness of the pipes and of the 
non-conducting materials were kept constant 

Hair felt was the best non-conducting material of all those 
tested, and the value of a thickness of two inches of hair 
felt was taken as unity, and the maximum. 

The value of two inches of mineral wool as a non-con- 
ductor was 0-832 of hair felt; two inches of mineral wool 
and tar was 0.715. Two inches of saw^dust, 0.68; two inches 
of a cheaper grade of mineral wool, 0.676; charcoal, 0.632; 
two inches of pine wood, across the grain, 0.553; two inches 
of loam, 0.55. This was from the Jersey flats, and almost 
all vegetable fibre not yet become compact. Slacked lime, 
from the gas-works, expressed decimally, with hair felt as 
unity, 0.48; coal ashes, 0.345; coke only, 0.277, the same as 
used for fuel; two inches of air-space, only 0.136, which 
dashes a great many people's hopes, and is as interesting as 
any part of the data; two inches of asbestos, 0.363; two 
inches of Western coke, about the same as the other coke; 
two inches of gas-house charcoal, 0.47. 
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These are very interesting, particularly so this matter of an 
lir-space. It has been supposed that an air-space around a 
pipe is as good as anything we can have. The fact is, con- 
vection or ciirculation takes place ; the air is cooled on one side 
of the space, descends, and rises on the other, and it is neces- 
sary to break up the air-space, and that undoubtedly accounts 
for the efficiency of these different materials. It is the air, 
probably, that is the non-conductor; but it should be kept 
quiescent instead of being allowed to circulate. The air- 
space itself is of very little value until the circulation is 
prevented. 

THE PISTON. 

In calculating the power of an engine it is the piston 
speed that is taken into account and not the length of the 
stroke, the latter being used merely in order to obtain the 
piston speed. 

Long Strokes are employed upon engines running at 
moderate piston speeds, as, from 300 to 450 feet per minute, 
and short strokes for piston speeds from 350 to 800 feet per 
minute. 

The Porter Allen Engine has been run noiselessly at 
1100 feet of piston motion per minute. 

In Determining the stroke of an engine the nature of 
the valve operating mechanism is taken into account. 

In releasing Mechanisms^ or those in which connection 

between the eccentric-rod and valve-spindle is broken in order 
to permit the valve to close quickly, too high a speed of rev- 
olution may cause the tripping mechanism to fail to act, 
hence, a high piston speed is obtained by means of employing 
a comparatively long stroke. 

In Positiye Valye-Gears, or those in which the valve is 
controlled throughout the whole of its movement by the 
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eccentric, the valve mechanism may operate quicker wii 
danger of missing, hence the piston speed may be greater. ■^ ^ 

When the stroke equals the diameter of the cylinder 
the cylinder presents the least amount of exposed surface 
poportion to its cubical contents. 

To Obtain the same amount of expansion in a short, as it 
a long stroke engine, the steam must be expanded through an 
equal proportion of the stroke, thus if the steam is cut off at 
half stroke in both cases, the amount of suspension will be 
equal. 

Pistons are made an easy fit to the cylinder bore, a steam 
tight fit between the two being obtained by means of the 
piston-rings. 

Solid pistons are provided with Snap piston-rings. 

Piston Rings should be tapering in thickness, the thickest 
part being opposite to the split, and the thinnest at the split 
This causes the ring to conform itself to the cylinder bore, 
and makes it set more evenly around its whole circumference. 
Rings are made larger in diameter, than the cylinder bore, 
in the proportion of about ^ inch per foot of diameter, the 
split being closed when the ring is sprung into place in the 
cylinder. But if made of brass, the split must be left open 
enough to allow for the expansion or otherwise, the ring ex. 
panding more, then the cylinder will sieze, and cut single. 

The Split, of a piston-ring, should be placed on the bottom 

of the piston (in a horizontal engine) so that the piston-head, 
in resting on the cylinder bore, will cover up the opening of 
the ring. 

When two or more rings are employed, the splits may be 
placed on the lower half of the cylinder, so as to cover up 
their splits as much as possible. 

An Excellent form of split or joint for piston-rings, is 
shown in Fig. 6, the faces fitting from B to D. To make 
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w^O-ch a joint, the piston is made larger than the cylinder bore 
f to an amount equal to the distance from the face D to B, and 
on one side of a line drawn across a ring, a piece is cut out. 
On the other side of this line, and on the other side of the 
ling, another piece is cut out, and a split is made through the 
line, whereupon the ring be sprung together. It is then put 
in place in the piston and closed by a band of iron. A piece 
of thick paper is then placed between the ring and the fol- 



1^^- 



Fig. 6. 

lower, and the ring is turned in a lathe to the diameter of 
the cylinder bore. The ring is thus (while under tension) a 
circle corresponding to that of the cylinder bore. 

The FoUower of a piston, is a plate or cover that is em- 
ployed to hold the piston-rings in place, and the piston rings 
should be so fitted that the follower can be bolted firmly up, 
or otherwise the bolts may come loose and work out, and 
getting between the piston and the cylinder cover, may cause 
the piston to knock the cyUnder cover out. 

Piston Followers are necessary when the rings are set 
out by springs or other parts adjustable within the piston 
head. Fig. 7 shows a piston head constructed as follows: 

H is the piston head, the webbed portion at the back being 
termed the spider. Between the piston-head H and the fol- 
lower F, is a broad ring, which is split through at one place 
so as to permit it to spring out and press the two piston-rings 
R R against the bore of the cylinder. The inner ring is ex- 
panded by the springs S, whose stems fit into the spider. 
These stems may be simply forced in, or may be set out by 
screws threaded through the spider at r, and having jamb 
nuts to secure them in their adjusted positions. The fol- 
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rings and ilie piston-rings, being placed close together all 
around the ring. 

Spiral Springs ^or setting out piston-rings, are applied 
as ill Fig. 8. A long spiral spring is bent into a circle and 
forced into place in the rings. 

The Straight Spring, when bent into a circle and 
forced into the rings, has two actions on the rings, both tend- 
ing to enlarge them, viz. : the spring tends to recover its 
original diameter, and further, to straighten. The vertical 
pressure against the junkring is thus obtained, as well as 
the pressure against the cylinder, the rings being grooved to 
the circle of the spring for the purpose, as shown in Fig. 9. 




Fig. 10. 

In this case the fit of the piston to the cylinder bore does 
not depend on the fit between the junk-ring and piston body; 
it may even be ^t^ inch out of truth, and the oniy effect will 
be for the piston-rings to still fill the cylinder, and the 
springs to be compressed diametrally, as seen in Fig. 9. 

Coiled Piston-rings (Fig. lO) are sprung into place 
after the manner of snap piston-rings. In some cases the 
end coils are thinned, and let into the neighboring coil, as in 
the figure, so as to fit into a groove of parallel width in the 
piston-head, and in others, the coil is of parallel width 
throughout, and the groove is cut to suit the varying width 
of the coil. The advantage of this kind of packing is, that 
the elasticity of the ring is very even throughout the whole 
circumference, and is not apt to be excessive. 
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The Babbitt and Harrig piston is shown in Fig. It, 
at I the piston is shown put together, with a piece of the 
follower Bhown broken out to show the construction. At 2, 
the chunk-ring is shown removed, and at 3, a section of the 




Fig. 11. 
piston-ring is shown. The chunk-ring has hubs, recessed to 
receive the German silver spiral springs, which set the ring 
out to the cylinder bore. The rings are an easy fit in the 
groove in the chunk-ring, so they can move from aide to aide 
in the groove, as the steam pressure alternates from one side 



I 




46 KEY TO ENGINES AND ENGINE RUNNING. 

to the other of the ring. 'I'he Eteam thus passes down between 

one side of the ring, and of the proove, and beneath the ring. 

The Bpidor, as the webs of tbe piston-head are termed, 

fits easily to the hubs on the chunk-ring, whicii is he!d cen- 




Piaton ■wiih Spiral Spring Paokine. 



tral to the cylinder-bore by set sc 
annular flange of the spider, and i 
chunk-ring. 



™b, threaded through the 
'X against the bore of the I 
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Th© EffeetiTenesS of a piston-ring may be tested, when 
the construction of the engine will permit it, by disconnect- 
ing the valve for the head-end, setting it so that it covers the 
port, and then taking off the cylinder cover at the head-end 
and admitting steam through the crank-end steam port, 
when any leak in the piston-rings will be seen by the escape 
of the steam. 

THE PISTON-ROD. 

PistOn-Bods should be of slightly diminishing diameter 
at the ends, so that the wear shall not leave a shoulder at 
each end of the rod. 

In Determining the diameter of a piston rod, allowance 
is made for turning it occasionally in the lathe, to restore its 
paralellism, the wear reducing its diameter more in the mid- 
dle than at the ends. The diameter of a piston-rod is found 
in practice to range between ^ and ^ the diameter of the 
cylinder bore. 

Steel Piston-Bods wear better than those of wrought- 
iron, being free from scaly seams which are apt to cut the 
packing and cause the rod to wear in grooves. 

The Best method of securing a piston-rod to a piston- 
head and to the cross-head, is by a taper seat and a key, so 
that no nut is needed, and the cylinder cover need not have 
a recess to receive the nut when the piston is at the end of 
the stroke, and the amount of clearance is correspondingly 
reduced. 

Piston-Head Key-ways are sometimes given so little 
clearance that the key completely fills the key-way when 
driven fully home. This prevents the edges of the keys 
from bulging into the clearance space in the key-way, which 
action is apt to cause the key to loosen, in time. The key 
should have a safety-pin at its small end. 
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When Piston-Rods are threaded into the cross-head, oi 
into the piston, the threads are made an easy fit, and taper 
seats or split hubs secured by clamping screws, are relied 
upon to keep the rod true to the cross-head or piston, it 
being found that the screw alone cannot be relied upon for 
this purpose. 

PISTON-ROD PACKING. 

Piston-Rod Packing of fibrous, or similar material, 
should be cut in rings that will not quite fully envelope the 
piston-rod, and the first ring should be placed with its split 
upwards. After two or three rings have been inserted, each 
having its split at a different part of the bore so as to "break 
joints", the gland should be screwed up enough to caiTy the 
packing home to the back of the stuffing-box This process 
should be continued until the stuffing-box is filled for about 
two-thirds of its depth, when the gland may be screwed 
home. 

Til© Giand should be screwed up quite evenly, so that the 
packing in the stuffing-box shall be compressed equally all 
around the rod, and will not cause the gland to bind on the 
rod or in the stuffing-box bore. 

The wrench should be applied first to one nut, giving it a 
turn or two, and then to the other, and after the gland is 
firmly home the nuts should be eased back about two turns. 

When a gland requires packing, it is proper to take out all 
the old paclcing that has become hard and set. 

A Loak in piston-rod packing may sometimes be remedied 
by taking out three or four rings of the packing and 
reversing it. 

If the packing is tightened up while the engine is running, 
it should be done very gently and evenly, as a very little 
screwing up may stop the leak, while excessive screwing 
produces undue friction. 
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N6W OllUlds, ^or old piston-rods should be made an easy 
fit to the stuffing-box bore. 

Th6 PackinST should be of such a size that it may be 
passed between the rod and the bore of the stuffing box by 
finger pressure. 

Square Packings or oval packing is better than round 
packing, because it takes less pressure to make it fill the 
stuffing-box. 

THE CROSS-HEAD. 

In Engines having Corliss Frames, the cross-head is pro- 
vided with shoes and adjusting screws, to take up the wear. 

When guide-bars are shaped thus, JT the cross-head is 
provided with gibs (usually of brass composition) to take up 
the wear. 

In either case care must be taken to make the adjustment 
correct, and thus keep the piston-rod in line. The shoes or 
gibs, should not bear hard upon the guides, but be an easy 
sliding fit witbout lost motion. 

Cross-Head Pins should be kept eased away on the two 
parts of their circumference which are within the connecting- 
rod brasses or boxes, and near the joint faces of the same. 
This is necessary because the wear is greatest on the crowns 
of the boxes, and the pins are apt to wear oval. In some 
engines, the above surface of the pin is cut away, but if it is 
not, and the pin can be revolved in the cross-head, it is a 
good plan to give it half a turn occasionally, which will keep 
it round. 

THE GUIDE-BARS. 

Tlie 6nide-BarS of an engine require to be set exactly 
in line with the axis of the cylinder bore, so that they may 
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guide the piston to travel in a straight line. They should 1)6 
an easy sliding fit to the cross-head guide. 

The top bar is more diflBcult to lubricate than the 
bottom one, especially when it receives the most pressure^ 
as is the case when the top of the fly-wheel runs towards 
the cylinder. 

Cast Iron guide-bars wear better than either brass, iron, 
or steel ones, so long as they are properly lubricated. The 
face of each guide-bar should be cut away, so that the ends 
of the cross-head guides will travel past it. This will prevent 
a shoulder forming at the ends of the bar as the face wears 
away. Such shoulders are apt to cause a knock as the con- 
necting-rods are lined up, because in the lining, the connect- 
ing-rod is restored to its original length, and the path of the 
cross-head guides along the bars may be altered. 

THE CONNECTING-ROD. 

Ther© ar© two principal kinds of connecting-rods the 
"strap ended" and the "solid ended." The solid ended 
wear the best, but are more diflBcult to get on and off the 
engine. 

Connecting-Rod Straps are secured to the stub ends (as 
the ends of tlie rod are called) either by bolts, or by one or 
two gibs, and the brasses are set up by a taper key or wedge. 

The taper for connecting-rod keys is about an inch per foot. 

The Anficularity of a ConnectiDg-Rod is a term that 

applies to its path of motion, which is (during all parts of the 
stroke except on the dead center) at an angle to the line of 
engine centers. The effect of this angularity is to cause 
piston motion to be accelerated at one part of the stroke, and 
retarded at another, thus causing the point of cut-off to occur 
at different points of the two strokes. 

The Direction of the Tariation is to cause the point of 
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cut-off to occur later on the stroke when the piston is moving 
from the head -end of the cylinder towards the crank. 

The Amount of Tariation caused in the two points of 
cut-off by the connecting-rod, depends upon the proportion 
that exists between the length of the crank, and that of the 
connecting-rod, and is less in proportion as the length of the 
connecting-rod is greater than that of the crank. 

An ordinary length of connecting-rod is six times the 
length of the crank, or six cranks as it is commonly termed. 

Fig. 12 represents a piston, connecting-rod and crank, the 
latter being at half throw, and the rod being twice the length 
of the piston-stroke. 



4 




. -^ I ' I I 

Fig. 12. 

The center of the cylinder is at c, and the ends of the 
stroke at b d, and it is seen that while the crank has moved 
from B tO' half throw, the piston has moved past c, or the 
distance ^, which is greater than the distance e,. During 
the next quarter-revolution of the crank, the piston will move 
distance hj and the crank distance /, hence the piston will 
move faster at the head than at the crank-end of the cylinder. 

THE CRANK. 

Th© Torni **Crailk" is applied promiscuously to the arms 
or discs that hold the crank-pin, and the shaft to which it is 
fixed, is termed the crank-shaft, or sometimes, the driving 
shaft, of the engine. 

A single crank is one in which the crank-pin is held at one 
end, of which one is between the eccentric and the crank, 
and the other at the out-board end of the shaft. 
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The Out-lNNUrd Bewing is that farthest from tte 
craiikpin. 

A Center Clunk is one having a bearing on each side ot 
the crank throw or crank discs. 

A solid center crank is sometimes termed a return cnnk, 
which distinguishes it from a single crank, or two crank diao^ 
connoctcMl by the crank-pin. 

Single cranks ^^ employed upon the slower running 
engines, or else have hobs or overhanging pieces to counter- 
balance them, and the weight of the reciprocating parts^ 
which consist of the connecting-rod, cross-head, piston-rod 
and piston. 

For fast running engines, crank discs (or circular plates) 
are generally preferred, the counter-balancing weight being 
givc>n by thickening the part opposite to the crank-pin. 

The Bores of cranks are either made parallel or else 
given a very slight taper, as ^ of an inch per foot of length. 

Cranks are usually feecured to the shaft by a steel key, 
whether the crank is shrunk on, or put on by hydraulic 
pressure. 

The method of shrinking a crank is to make its bore 
smaller in diameter than the diameter of its seat on the crank- 
shaft, to an amount of about -^ of an inch per foot of diam- 
eter. Tlie crank is then heated to about 600,° or nearly red 
hot, which expands the bore and permits of the crank being 
put on the shaft. In cooling, the crank- bore shrinks and 
grips the shaft. 

Shrinking a crank is liable to throw the axis of the cnyik- 
pin out of parallel with the axis of the crank-shaft, unless 
care is taken to heat the crank evenly. 

CJraxik-Pins are sometimes made taper, and secured in 

the crank by a taper key; in other practice they are 
secured by a nut, but the best method is to either put them 
in by hydraulic pressure, or shrink them in. 
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When ^ crank-pin is to be shrunk in its seat, the crank 

may be made parallel. If it is to be put in by hydraulic 

pressure, a taper of not more than ^^ of an inch per foot, may 

be employed with advantage, while if it is to be keyed the 

taper may be made about ^ inch per foot. 

Crank-pins should be made of steel, which is less likely to 
cut or heat than wrought iron. 

Cutting is the term applied to an abrading action, that 

occurs upon moving surfaces when the parts fit too tight; 
the lubrication is imperfect, or the pressure per square inch 
on the bearing area is too great 

A Journal is a cylindrical ps^rt of a shaft or rod, that acts 
as a pivot and supports another piece, and to guide its path 
of motion. 

Crank-pins are sometimes termed wrist-pins, but this is a 
misnomer, since the term wrist-pin distinguishes a similar pin 
when not used in connection with a crank. 

THE FLY-WHEEL. 

A Fly- Wheel acts as a reservoir of power and equalizer 
of motion, storing up, during the live steam period, a certain 
amount of power, which it gives back to the crank-shaft 
during the remainder of the stroke, and thus equalizes 
the speed. 

From a paper read before the American Society of 
Mechanical Engineer's, by WilUam Johnson, the following 
is taken: 

The weight of a fly-wheel is equal to the continued product 
of the area of the piston in square inches; boiler pressure by 
gauge in pounds; stroke of engine in feet; value for cut-off; 
coefficient of fluctuation, and accelerated force of gravity, 
divided by the square of the velocity in feet per second of 
the center of gyration of the wheel. 
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The value for cut-off, as given by Professor Robinson, fluy 
be taken as ranging from 0.16 to 0.22, and the coefficient of 
fluctuation at from 20 to 60, according to the degree d 
regulation required. One example will serve as ai 
illustration. 

Take an engine with a cylinder 18"x36"; pressure, 80 

pounds; cutoff at half stroke; fluctuation, 40; diameter 

of wheel, 10 feet; number of revolutions, 100; andassoming 

the center of gyration at a distance from center of wheel of 

four-fifths the radius. Avoiding fractions we have, 

254 X «0 X 3 X 0. 18 X 40 X 32 

= 8,000 pounds 

1754 

weight of wheel, 

Take tlio same 'example, but with half the number of 
revolutions, and we liave as our divisor ^^^=zA3S^, and the 
weight of wheel 32,000 pounds. 

Again, take the same example, but increase the speed to | 
150 revolutions, and the divisor becomes 1764x2.25=3946 
or 3550 pounds, as the weight of wheel. Jf now we take 
the same exjimplo, but change the coefficient to 20, we shall 
find th(j weight of whe(»l reduced one-half, from which we 
learn that, while the weight is inversely as the square of the 
velocity, it is directly as the coefficient of fluctuation. 

In conclusion, it will be seen from the example that the 
regulating power for the weights determined remains con- 
stant with a given fluctuation, without regard to the time in 
which the fluctuation occurs." 

The following from the pen of Professor Robinson is given 
as explanatory of the above rule. 

It is usually supposed by those who liave the mathematical 
solution of the problem of the fly-wheel of steam engines, 
that the regulating power varies as the square of the velocity 
of the rim of wheel. This is because the mathematical 
expression, giving relation between velocity and fluctuation, 
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■eems to require the former to be squared when the latter is 
at the first power, But the relation these two quantities will 
"be found to be affected by the conditions of other things. 
For instance, the velocities will require to be cubed in some 
comparisons, squared in others, simply proportioned in others, 
and even constant in others. 

But before going to figures, let us notice what specific 
meaning should apply to terms to be used. Speed, for 
instance, may be used in the sense of number of revolutions 
per second, velocity fly-wheel may be taken for velocity in 
feet per second of the rim of wheel along the path, or circle 
of the rim. Fluctuation of speed may be used in a general 
sense to mean irregularity. But coefficient of fluctuation of 
speed may be used in a general sense to mean irregularity. 

But coefficient of fluctuation has a definite meaning, as 
follows: 

It is the number obtained by dividing the difference 
between the greatest and least number of revolutions per 
sek^ond, occuring in a certain cycle of changes, by the average 
number. In case of the fly-wheel of an engine, for instance, 
we have a series of changes of velocity or speed occuring 
within one revolution. If a whole revolution and no more 
is required for effecting all the varieties of change in volocity 
which occur, then this series of changes is the cycle above 
named. If the whole range in variety occurs in a half -rev- 
olution, the same, exactly, being repeated in the other half- 
revolution, then this half- revolution makes the cycle. This 
would be the case in an engine with an exactly equalized 
valve-gear, where the crank-pin runs in a block, the latter 
sliding in a transverse straight slot in the cross- head. In 
this cycle of fluctuation there will, of course, be some point 
where the velocity of rim is greatest, and another where it 
is least. To illustrate: Suppose that where it is greatest the 
velocity of a prick-punch mark on the rim be such that, if 
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just this velocity could be maintained constant for one second 

it would move 12 feet. Suppose likewise that where it is 

least the velocity would be 9 feet Then the range of flucta- 

ation is from 12 to 9, and from 9 to 12. Suppose, again, 

that in one minute the point moves, altogether, 600 feet^ 

including fast and slow, the fluctuation during that time 

being in exact repetition, then in one second the average 

movement will be 10 feet The coeffictefU of fluctuation will 

12—9 

then be =0.3. 

10 

Tliis coefficient of fluctuation is an important factor in 
estimating fly-wheels. It serves to rationalize our notions 
about flywheels, and its use is well authorized both as a 
name of a tangible conception, and as capable of numerical 
expression. 

Tlie numerical value of the coefficient snould be, as given 
by some authors, from a fortieth to a sixtieth, for the most 
perfect regulation, such as in factories of textile fabrics; 
while for ordinary uses it may be as low as a thirtieth, or 
even a twentieth. Suppose the latter value be taken, or 
1^=0.05. The meaning is that in that part of the revolution 
where the velocity is greatest, it is one in twenty faster than 
where it is slowest. It applies to the speed as well as the 
feet per second. That is: In that part of the revolution 
where the wheel moves fastest, its speed for an instant is at 
the rate of one revolution in twenty faster than where it 
moves slowest; suppose a wheel runs at a speed of 120 
revolutions per minute: The fluctuation might be then from 
118 to 124 within a single revolution, the coefficient of fluctu- 
ation being 124 — 1 18 

=.^^j as stated. 

120 

The difference in the fluctuation for high and low speed 
engines, equally well regulated, is not a difference numer- 
ically, but simply in the period of time within which tho 
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Bactoation occurs. Thus suppose for illustration, that an 
engine works 40 revolutions per minute with a fluctuation 
in each revolution from a rate of 39 to 41. 
Then 41-39 

40 
the same as before. But here the time taken for making 
the change, is three times as great as in the previous example. 
The coefficient of fluctuation then has no reference to the 
time the change of velocity is confined to, but is dependent 
entirely upon change of rate of speed. 

Consider for a moment, a buzz saw driven by either of 
the above engines, the saw giving forth a musical tone vary- 
ing in pitch with the speed. Neglect the balance-wheel, 
effect of the pulleys, shafting, etc., between the saw and 
engine, the saw being regarded as varying in velocity exactly 
m proportion to the fly-wheel. Then the change of pitch of 
musical note with either engine will be the same. The 
rapidity with which the changes occur, will however, be in 
accordance with the speeds of engines. 

The coefficient of fluctuation may therefore be taken as a 
sort of unit, by means of which we may make an intelligent 
comparison of the action of fly-wheels in different cases. 
To establish a rule for comparing, which will incorporate this 
coefficient, we have to consider that the work developed by 
the engine in a half-revolution, varies from nothing at the 
dead centers to a maidmum near the mid stroke, while the 
resistance overcome is constant, and for a stroke equal in 
amount. This supposes the work of each stroke to be equal. 
Hence, near the mid stroke, the work applied will be in ex- 
cess, while near the ends it will be in deficiency. The retar- 
dation during a deficiency will be equal to the acceleration 
during an excess. At the beginning of an excess the veloc- 
ity will be least, while at the end it will be greatest. The ex- 
cess of work between these points must therefore exactly 
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account for the increase of speed. This brings the questiOi 
down to where we can compare it with familiar examples d 
motion n»sulting from the action of force. 

(iravity developes 100 ft. lbs. of work when 10 lbs. faDa 
1 ft., and if a number of experiments be made with differ- 
ent weights and heights, it would be found that the foot Iba 
of work in each case would be equal to the product of the 
s({uare of the velocity, by half the mass, the mass being 
iMiuai to the weight divided by about 32.2. In comparing 
two difToront falls of the same weight, it will be found that 
the (lifTerence in foot lbs. is equal to the difference in pro- 
ducts. 

Similarly in the fly wheel, the foot lbs. of work in an ex- 
cess is equal to the difference in the squares of the velocity 
of rim, by half its mass. Now because the difference of 
the stjuares of the velocity is equal to the simple difference 
multiplied by the sum, the quantity last named above can be 
said to be equal to the mass multiplied by the square of 
the average vcilocity, and multiplied by the quotient of the 
(lifTerence of velocity, divided by the average velocity. The 
last named quotient is seen to be the coefficient of fluctuation. 
Hence, rule for fly-wheels. An excess in foot pounds is 
equal to the continued product of the mass of rim, the 
square of average velocity of rim, and the coefficient of fliic- 
uation. The mass of the rim equals its net, divided by 32.2. 
The velocit}' is the number of feet the rim moves per second. 
To find the excess, multiply the work of one stroke in foot 
pounds by proper value in following table: 

Pressure of steam — 6 atmospheres. 
Cut-Off .3 .5 .7 1.0 of stroke. 
Value .16 .18 .19 .17 

Condensing Engines. 
Value .18 .21 .22 .21 

Example 1 — Take an engine with cylinder 10x20 inches 
making 100 revolutions per minute. Coefficient of fluctu- 
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ation =^V» cutting off steam at half-stroke. Pressure of 
steam in steam chest. 6 atmospheres or 85 pounds per square 
inch by steam gauge. Diameter of rim, 6 feet. 

The area of piston is 78 square inches. Total initial pres- 
sure on piston 6630 pounds. Foot pounds per stroke 
= 6630xff = 11050. Excess for half-stroke cut-off =.18 
X 11050. = 1989. foot pounds. 

The velocity of rim is 3-^^ x 6x100 feet per minute, or 
31.4 feet per second. Hence by rule 
wt. 

1989= X31.4x31.4x^; 

32.2 
whence the weight of fly-wheel =2029 pounds. 

Though the correct value of the foot pounds per stroke is 
actually less for expansion engines than the product of 
initial pressure by stroke, still the greater convenience of 
this value has led to its being retained for use in the above 
table, the latter having been adapted to it. The table is 
given for the purpose of facilitating the determination of the 
excess. 

THE SLIDE-VALVE. 

Th© Tarions Eyonts which are governed by the slide- 
valve of a steam engine, are as follows: 

The IdTe Steam Period is that during which the steam 
is admitted from the steam-chest into the cylinder and the 
steam admitted during this period is termed live steam. 

The Point of Cut-off is that at which the valve closes 
the steam port, and the admission of steam into the cylinder 
is stopped, hence the point of cut-off is at the end of the 
hve steam period. 

The Period of Expansion is that during which the 

steam is allowed to expand in the cylinder, and therefore 
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)N»gin8 at the point of cu^offy and ends at the point A 

The Point of Release is that at which the valve openi 
the iH)rt and )M*nnite the steam to escape. 

The Point of Compression is that at which the ezhaxut 

IK)rt is o1us(m1, which occurs before the piston has reached the 
end of its stroke; the steam that has not passed out of the 
<'y1iii<lcr is therefore compressed, the compression continning 
until the valve o))ons for the lead. 

The Lead of the Talye is the amount the port is open 
to tlio liv(> steam, when the crank is on the dead center. 

The Point of Admission is that at which the port opau 
for the live steam to enter, and it follows, that the lead aoi 
compression both act as a cushion, arresting the motion of 
th(j piston when it reaches the end of the stroke. 

Ca»hionins begins, however, at the time the ezhanst 
port is closed enough to arrest the escape of the steam, while. 
compn;ssion begins when the valve has closed the ezhaoBt 

port. 

THE PLAIN SLIDE-VALVE OR D 

VALVE. 

The construction of a common slide-valve is shown in 




Fig, 13. 
Fig. 13, in which the valve is shown in its mid^podtioa, PP 
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are the cylinder steam ports (as the openings through which 
the steam passes from the steam-chest to the cylinder, are 
termed), and at X is the cylinder exhaust port, through 
which the steam escapes from the cylinder. Z is the valve 
exhaust port or exhaust cavity. 

The Lip of a valve is the width of its flange face or the 
distance L, which is measured from the steam edge A, to tlie 
exhaust cavity Z. At the other end of the valve, H is the 
lip extending from the steam edge B to the exhaust cavity. 

Steam Lap is the distance the steam ends (or the steam 
edges as they are called) A B, overlap the steam ports, this 
distance being shown on the ends of the valve at a C If 
the valve had no steam lap, its steam edges would just cover 
the ports, as denoted by the dimension W. 

Exhaust Lap is the amount the exhaust cavity Z overlaps 
the bridges q r. 

Uneqaal steam Lap is given to cause the point of cutoff 
to occur at equal points in the piston-stroke, thus in the 
figure there is more steam lap at the head end than at the 
crank-end of the valve. • But unequal lap could also be given 
in order to greatly vary the points of cut-olf for the two 
piston-strokes, if such was desired. 

Unequal Exhaust Lap may be given to equalize the 
potnt of release, or to equalize the points of compression. 

The Head-End of the valve (or of the cylinder), is that 
which is furthest from the crank-shaft, the other end, or 
that nearest to the crank-shaft, being termed the crank-end. 

THE ACTION OF A COMMON 
SLIDE- YALVE. 

The Action of a common slide-valve may be traced as 
follows. 
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Port a« Op«B to the Amonnt 
of 
The Lead. 



Port a, Toll Open for the 
AdmisdoB. 



Port a, Closed for Out-off. 




Fig, 14. 



Valve Opening 

Fort a, for the 

Ezhuast. 



Fort a, Fnll Open for the 
Ezhatust. 




Fig. 15. 
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Suppose the port a to be at the head-end of the cylinder 
and open to the amount of the lead with the crank on the 
corresponding dead center, and if the valve travel be made 
equal to twice the lap and the lead, the various positions of 
the valve will be as marked in Figs. 14 and 15; the event 
■corresponding to each valve position being stated in the 
figures. 

DOUBLE PORTED VALVES. 

The Term Port applies strictly to the area of opening of 
the steam passage, where it emerges upon the valve seat. 
The term steam passage includes the full length of the open- 
ing from the cylinder-bore to the face upon which the valve 
is seated. 

A Double Ported Steam Port is one in which there 
are two openings or steam ports, leading into one steam pas 
sage, 

A Double Ported Talve is one in which there are two 
ports at each end of the valve. These two ports, in some 
cases, admit steam to a single cylinder port, and in others to 
two steam ports, terminating in one steam passage. 

A Oriddle Talve is one that has two or more ports at 
each end, upon a seat that has two or more ports for each 
steam passage. 

Double ported valves are employed in some cases, to 
increase the admission of live steam to the cylinder, and in 
others to increase the exhaust openings also. The effective- 
ness of a double ported valve is mainly valuable at the be- 
ginning of the stroke, and is especially valuable in cases 
when the travel of the valve is diminished to hasten the 
point of cut-off, because in such cases, the outer edges of the 
valve do not open the steam port to its full width, and a sin- 
gle port is apt to wire-draw the steam, being sometimes ap* 
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plied to those having two ports, but usually to those baviog 
more than two. By the employment of more than one port, 
or several ports, a sufficient admission may be obtained with 
less valve travel. Fig. 16 is a plan oi the valve' used in the 




Porter Allen Engine, a represents the steam port, and m a 
plat« that is adjusted to fit to the back of the valve so as to 
exclude the steam, which enters front the ends in four Btreams, 




Fig. 17. 
as shown by the arrows, the valve is therefore in effect, four 
ported, while the steam port is single ported. 

The Ulen Dooblo Ported Talve is one in which the 

second poit increases the port opening for the admission 
only, aa shown in Fig. 17, in which the valro is moving ia 
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direction of the arrow E, the port K will receive steam 

ugh the opening at g, and from port d, steam entering it 

shown by the arrow a. The second port forms part of the 

of the valve, and enables the travel to be short enough to 

cut ofE at early points in the stroke, without employing so 

much steam lap as to widely distort the points of cut-oif, this 

latter being a defect of the D valve. • 

Webb's Patent slide-valve is circular, and is so arranged 
as to be free to revolve in the hoop of the valve rod, the 
effect being that the valve moves around, or to and fro in the 
toop, without any special mechanism to produce such move- 
ment, and the result is, that the valve and port facings wear 
smooth and even without any tendency to become grooved. 

BALANCED VALVES. 

A Balanced Valy© is one in which means are employed t6 
relieve the back of the valve of the steam pressure, and thus 
prevent its being forced to its seat with unnecessary pressure. 

lu some of the most successful balanced valves, this is ac- 
complished by providing a cover-plate, which may be set up 
to exclude the steam from the back of the valve which works 
(a sliding fit) between the valve face and the face of the 
cover-plate. Such a method of balancing is suflBciently eff- 
ective for all practical purposes, if the following conditions 
are observed: The valve rod must be accurately guided so as 
to avoid side strains; the valve must fit accurately to its seat 
and to the cover-plate, and the adjustment so made that the 
valve slides freely at first, being steam tight, and yet allowing 
room for lubrication to enter. When the travel of a valve, 
balanced by a cover-plate, is varied to alter the point of cut-off, 
the construction must be such that the ends of the valve, 
at the shortest stroke, pass over the ends of the seat and 
cover-plate faces, or otherwise the middle of the seat and 
eover-plate faces will wear hollow. 
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The Buckeye, Porter-Allen, and Straight-Line Enp 
are examples of practically balanced valves. The Grat ot 
tlieac has a lialancing iluvice that followa up the weai 
second has an adjustment, whereby the cover-plate maylie 
Bct up to take up the wear; and in the third the wear ie re- 
duced to a minimum, by accurately fitting and guiding the 
parts. 

The conetruction of the valve in the Straight-Line E: 
is shown in Fig. 1ft, in which B represents the cylinder-bore; 




Fig. 18 
the valve v rests on a parallel strip n, and on its top rests the 
parallel strip m, the pressure relieving plate P is set up firmly 
against tlic pieces m. n, whose tliicknesses are such as to leave 
the valve a working fit between the faces of R R and of P. 

nSTON-VALTES. 

FiatOD'TalTeB i^re cylindrical, and of the general form 
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sliown in Fig. 19, v representing the valve. In llie figure the 
valve is shown operating for two sets of ports, a h being for 
one cylinder, and c d for the other. 

Referring first to the ports c rf, the live steam enters at P, 

C d 




Fig. 19. 

and, as the valve moves to the left, the port c receives steam, 
while the exhaust for port d is fully opened, hence the valve 
takes steam in the middle, and exhausts it at the ends. The 
edges X x', therefore, in this case, effect the admission 
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and cutoff, and the ends yg', the admission and compieseaAr' 
For I>orts a and h the steam enters at P and P', and exhaoita 
through E, hence the c^ilges g g' effect the admission and c* 
off, and tlie ends x and x' effect the exhaust and compitt' 
sion, the oxhaust finding exit through a pipe as at E. 

When Stoam enters in the middle of the valve, the 
valve is balanced, lK»cause it envelopes the valve all around 
its circumference. Bnt when the steam enters at the ends 
of the valve and exhaust in the middle, the valve steam 
excludes the steam pressure at one end, and in order to 
])alance the valve, the area at the head-end of the valve 
must e(jual that at the crank, or valve rod end, which may 
be accomplished by increasing its diameter. 

The Eccentric Position for a piston-valve taking steam 
in the middle, is opposite to that required when the steam is 
admitted at the ends. Suppose, for example, that in Fig,19 
the outer circle represents the path of the crank-pin, and the 
circU; /?, the path of the eccentric center, and supposing the 
valve to be suflicient to open the port C fully as a steam port, 
we mark from the point of intersection of circle n, with the 
line of centers (shown dotted), and with the width of the 
port as a radius, an arc 5. From 5, w^e mark a line t*, and a 
line drawn from C to the end of w, gives at c, the position of 
the eccentric center when the crank is on the dead center at 
B, the eccentric throw-line being represented by the line 
from C to e. In this case the valve moves to the left, in 
order to open the port C. Now suppose the port a is to re- 
ceive steam, the crank being at B, and the steam being ad- 
mitted by the end g of the valve, the latter must move to the 
right, and to find the eccentric position, the width of the 
port is taken, and from the circle m on the line of centers an 
arc r is marked, and a line from r gives at / the position of 
the eccentric center, and it is seen that / is exactly opposite 
to e, leading or being in p^dvance of the Qra»nk instead 
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<>f foUowing it in the path of revolution of the engine. 

The ActiOD of a Pigton-Valye is precisely the aame 

ae that of a common slide-valve, liaving the same amount of 

lap and travel. The lap of a piston-valve is the thick- 




Fig. 20. 
ness ot the head, as in Fig. 20. To take up the wear of pis- 
ton-valves, and prevent them from leaking, two means are 
taken; the first is to provide bushings for them to work in, 




Fig. 21. 

and provide new bushings whose bores are sufBciently less in 
diameter than the old bushings, to restore the fit; the second 
is to provide the heads of the valve with packtngringe sim- 
ilar to those used for an engine piston, but means must be 
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taken to prevent these rings from opening when passing OTtt 
the steam-(X)rt. which in some cases, terminates in an' annulir 
groove i>assing all around the valve. When piston- valves y»tj 
tlie point of cut-off, by haN-ing their travel varied, the exhadsk 
and the compression occur earlier in the stroke in proportion 
as the valve travel is reduced and the point of cut-ofl has- 

■ 

tened. Fig. 21 represents the double ported piston-valve^ 
employed on the Armington-Sim's Engine, the steam havisg 
two means of ingress to the ports, one through the valve as 




Mg, 22. 

shown by the arrows c d &t one end, and the other direct in- 
to the port a J as shown by the arrows 5 and v, 

SEPARATE CUT-OFF VALVES. 

Meyer's Cut-Off Talye is constructed as shown in Fig. 

22, M being the main valve, and v v the two cut-off valves, 
whose sole duty is to cut off the steam at an earlier point 
than the main valve would do. If the engine is to have a 
fixed point of cut-off, or in other words, it the cut-off is al- 
ways to occur at some one particular point in the stroke, the 
valves may be set to do so, and equalize the points of cut-off. 
Variable points of cut-off with the Meyer's valve may be 
obtained bv shifting the position of the eccentric that oper- 
ates the cut-off valve, but it is usually done by means of mov- 
ing the valve by a right and left hand screw, such as shown 
i^ Fig. 23. The cut-off eccentric is set ahead of the nudii 
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ccentric, so that the cut-off valve will close the ports before 
he main valve would do so, thus in the figure the cut-off valve 
8 shown to have effected the cutoff for port a, by the time 




Fig. 23. 

the main valve has fully opened port a, and is reversing its 
motion. If the engine requires to reverse its motion the cut- 
off eccentric is set exactly opposite to the crank, as in Fig. 




Mg, 24. 
24, but otherwise it may be set 8 or 10® either ahead 
of, or behind the crank, but if set too little ahead of the 
crank, the port may reopen after the cut-off has been effected. 




Mg. 25. 
Kg. 25 ijil^pws {^ foraj of cut-off valve^ in wbi^b th^ bt^fe 
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of the main valve and the cut-off valve being double porte(( 
as shown dX g h and p q. In many cases the main valve ii 
formed as in Fig. 23, but double ported. 

Two Separate Talyes as shown in the figure, give Um 

same results as a single valve having the same lap and tnvdl 

Gonzenback's cut-off valve is constructed as in Fig. 26^ 




Fig, 26. 

the steam-chest having two compartments. A A are the 
cylinder steam-ports, V tlie main valve, and E the cut-off 
valve, whose ix)rts (as (i) are made wider than the ports F. 

Bedncing the Travel delays the point of cut-off in 
the Gonzenback valve, whereas in the common slide-valve, it 
gives an earlier cut-off. 

THE ECCENTRIC. 

When a Single Eccentric is used, it is simply termed 

tJie eccentric. If a cut-off valve (or two cut-off valves) are 
used, upon the engine, then the eccentric that works the 
main valve, is called the main eccentric, while that which 
works the cut-off valve or valves, is called the cut-off eccen- 
tric. The main valve is that which works on the cylindei 
face; the cut-off valve is that which effects the cut-off. 

A Shifting Eccentric is one that is moved across the 
shaft so as to alter its amount of throw, and, therefore, the 
amount of valve travel, the effect being to vary the point 
of cut-off. 
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In engines where a constant amount of lead is given the 
eccentric should be secured to the crank-shaft by a feather 
or key, sunk into the crankshaft so as to prevent the eccen- 
tric from moving, while enabling it to be taken off and 
replaced without requiring any operations to adjust its posi- 
tion with relation to the crank. 

The feather should fit tight on the sides, as well as on the 
top and bottom, and may have a slight taper on the sides, 
which will make it easier to fit the featherway or keyway, to 
the feather, and easier to put the eccentric on, or take it off. 

By this means the eccentric cannot shift, and may be re- 
placed after being taken off without having to set the whole 
valve motion over again. 




Fig. 27. 

Wh6ll the amount of valve lead or of compression is var- 
ied to suit the speed at which the engine is to run, or to aid 
the counter-balancing of the engine, a feather cannot be used 
because it will not permit the eccentric to be moved to effect 
the adjustment. 

Set screws possess disadvantages, inasmuch as that the 
point of the set screw may leave an indention, which, if the 
eccentric is moved a trifle, may cause the set screw point to 
fall back into the old indentation, thus rendering it diflBcult 
to make a small adjustment of eccentric position. 

Fig. 27 shows a simple and effective method employed 
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from D operates the throttle valve of the governor. 

The height of the cone in which the balls swing is the 

lieight from D to B, whether the construction be as in the 

figure, or as in figure 29, these heights being equal in the two 

figures. 

The resistance offered to the rise of the balls in obedience 
to the centrifugal force, is that of gravity, which tends to 
keep them downwards, and also the friction of those parts of 
the governor that are actuated by the rise of the balls, and it 
is obvious, that in order that the balls may not incline to 
change their height, the centrifugal force and the forces 
opposing it, must be equal. 

An Isochronal Ooyemor is one in which these two 
opposing forces are equal throughout the whole range of 
governor action, or, in other words, equal, let the vertical 
height of the plane, in which the balls revolve or swing, be 
what it may. 

A Dancing Gfoyemor is one that acts spasmodically. 
Such an action may occur from undue friction in the parts 
of the governor or of its throttle valve. 

The friction offers a greater resistance to starting the parts 
in motion, than it does to keep them in motion after being 
started, hence the parts are apt to remain at rest too long, 
and to move too far after being put in motion. 

Rule to find the number of revolutions a governor should 
make. Divide the constant number 375.36 by twice the 
square root of the height of the cone in inches. The quotient 
is the proper number of revolutions per minute. 

Example- A governor with arms 30^ inches long, 
measuring from the center of suspension to the center of the 
ball, revolves, in the mean position of the arms, at an angle 
of about 30 degrees with a vertical spindle forming a cone 
of about 26^ inches high. At what number of revolutions 
per minute should this governor be driven? Here the height 
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of the cone being 26.5 inches, the square root of vhid ii 
5.14 and twice the square root 10.28, we divide 375.36 li; 
10.28, which gives us 36.5 as the proper number of reYotn* 
tions per minute at which the governor should be driven. 

The Parabolic GOTemor is isoclironous, because ihA 
balls swing out in the arc of a parabola which is effected bj 
suspending the ball arms by a ribbon of steel which is seemed 
to the ends of the prongs T; Fig. 30, the face of each prong 





Fig, 30. 



Fig. 31. 



Is a curve, so that as the balls alter their vertical height, the 
ribbon of metal leaves contact, or takes contact, as the case 
may be, at a different part of the curve, thus in effect alter- 
ing the length of the arms, and causing their path, in rising 
or falling, to be in the arc or path of a parabola. 

In the Porter Goyemor, whose principles of construc- 
tion are shown in Fig. 31, the balls are loaded with a central 
weight D. From the method of suspension, the rise and 
fall of the weight D is twice that of the ball A. In this 
class of governor the centrifugal force is generated by the 
balls A and the links, while the opposing force is the gravity 
of the parts added to that, of the central weight D, hence, 
a greater amount of centrifugal force must be generated in 
order to lift the weight D. This enables the governor to 
run at a higher speed. 
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THE PICKERING GOVERNOR. 
The ConstTDCtion of the FickerlDg tioyernor is u 

follows: 

Id Fig. 32 it, is shown in its simplest form at A, ftnd at B with 
the driving pulley and speeder (or engine speed regulating 
device) attached. This speeder consists of a spiral spring 
vhobe tension may be adjusted to more or less resist the rise 





B Fig. 32. A 

of the governor balls, and thus enable the engine to run at a 
greater speed for a given amotmt of rise of the governor balls, 
hence by increasing the spHng tension the engine speed is 



THE SPRING ADJUSTMENT. 



The IdJnBtment of the Spring Tension is made by a 

worm actuating a woim-wheel on a rod passing through the 
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spring, and to which one end of the Hpring iskttaclied,ttiil 
Otberaclingonanarm thftt projecta into a slot in thegoTsnui 1 
spindle. It is obrions that the speeder can be adjusted irbilt 1 
the engine is running. 

In Fig. 33 the governor is shown with the speeder, ui 1 
Sawyer's valve, the latter enabling the governor valve lobe I 
opened or closed without affecting the rise aad fall of lb | 
governor balls, which is done by operating the arm t 
OD the right, whose ends are provided with loops so thit i 




Fig. 33. 
cord may be attached, enabling the engineer to 

governor from a distance. 

The 8aMj Stop or Stop Motion is shown on the right 
It acts to close the governor valve and stop the engine in case 
the belt that drives the governor should get off the pulley or 
break. This stop motion consists of a pulley suspended by a 
rod, and riding on the belt which supports its weight 
Should the governor belt break, this pulley falls and seven 



£kY to engines 
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the connection between the valve and the governor closing 
the valve, and holding it closed. Fig. 33a shows the gover 
nor in section to expand the construction of the valve. The 
valve V is what is termed a poppet or poppet valve, which is 
balanced, because the steam entering at I, and taking the 
course denoted by the arrows, acts equally on both ends of 
the valve and does not press it in either direction, while as 
the steam surrounds the valve it is not pressed sideways. 

At B is a gland or stuffing box to keep the spindle or rod 
steam-tight. At A is the slot for receiving the arm from the 
speeder and from the stop motion. 

P is obviously the driving pulley, imparting motion to the 
bevil wheels G, which drives the outer spindle S, the inner 
spindle 5' being connected to A. The balls are upon ribbon 
springs D, which are secured at their lower ends to a link 
fast to the spindle S. 

The centripetal force generated by the balls causes them 
to move outwards, their upper ends pulling down the cap to 
which they are secured, and this cap operates the valve. 

Governors of this class are sometimes termed fly-hall gov- 
ernors. 



THE WATERS GOVERNOR. 

In The Waters GOTemor the balls are suspended by 
pivoted links, and curved springs, lying horizojitally, are 
employed to assist the gravity of the balls in creating a cen- 
trifugal force. The construction is such that the balls move 
outwards in a horizontal plane, while the joints of the links 
are relieved of friction. 

A triple ported piston-valve is employed, thus giving a 
wide variation of steam opening for a given amount of ver- 
tical motion of the valve. 

G 




cheat being set at au angle. Tlie boiler is mounted on skids, 
and requires no foTindndon, Fig. 36 sliowa a horizonul 
oenifiT crank engine with feed water healer attached. The 
boiler-feed pump is here worked from the crosa-hesd. 
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Fig. 36. 
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/K?. 37. 
VitUhiI IngiM vlth Common D or Plain SUds-TalTt. 
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» N : Y : EN vilNES AND ENGINE RUXSIXG. 

A CwnaKiB Slide-TalTe Tertical Engine is s^o 

:_ ." v rt*; r\*sfiiu< a cciiuiiion form of this cin| 

: ..^.;-: 7. : ^ .. .It- :\«r lilt* cFoss-liead are sometimes 
■;.:.■: ;.: .. :•: i«:':itTs are Liolted on eo that they 

- :. . . :•: n»s;;r:i«fd aft<»r they become worn. 

. : ^..' :i.v> . .::i'>:- i^uiius are Eometimes made flat, 

V > . ■ :.;::.irt*- .'!: fjuh »de, and at otben concave, a| 

, .. . : .-.» :-:';i.i >ivifwavfi. If the center of the 

; i .. ■:•> > ..: jtxjsff iLe piston-rod, the croes-heidi 
..> .^: >.:,>:. 'kt^•:* ibe axis of its pin parallel to 
. . ■: . h >..:. . *.:. i'rvit*r io lake up the wear beli 
. . v> ;:■.. s..:. ::t ir-id**s. the croes-head is pro\ 

V . .:> .^ s.r:«s. V Lose nuts are seen on each 

: .^"s . ^ ' . :':::^r9e'J^ wnical engines^ by the Morai| 
\.v. . . KN .;. ATv cemer crauk engines^ but thtf 

>.. . ■ . _, . > .> \ :•. *:.;tv.w:;h a valve, whose spindle ii| 
K » . . :. • -.i-.-lV no cruide is neceasazy for the' 

>.v. I :■ ■•..,. _: .: A : .>:oi:> valve is employed, the yilve- 

v.v. -K...-; <:;. -. i-' 1\Y :^ rtv:angular guide. The ooninCtr 

:: <: r«v. ^::-h.t> a:\ s;v.:nv. : y a Ivli, thus dispenaing wifthik 
*:.. ?V.o c\..*..s: sua::: ys>c>>i*s direct into the top of tk 

Hoistinc: Ku^ines .>v.A*'y V.avo vertical boilers and hori- 

zoi;:a! or.^.r.rs. 

Fig. 40 sb.ows Mu!u:y's Kiigiiio for Pile driving and quarry 
ing purjK>!k»*. in wr.ii-h i):o ongino having lifted the weight 
the latter is lowonvi indojviuiont of the engine motion. . » 

The engine drives the small pinion shown in fig. 41 anc 
the large goar driven by the pinion has a cone (shown on tb 
left side of the gear) fitting into a corresponding cone in tb 
hoJHting drum. By means of a rod passing through tb 
bhafl of tho hoisting drum, the grip between the two cone 
may Lu regulated. T^' hen a load is to be hoisted the cone 
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fig. 41. 
Tlie Friction Qear of Httniy 's Hoisting Engine. 
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are locked firmly together^ but in lowering, the friction be- 
tween them may be so regulated that the drum will slowly 
revolve unwinding the rope while the engine is at rest. 

The driving pinion operates both drums, and as each drum 
has a friction device, the drums may be used separately, thus 
for quarrying purposes one drum may be for hoisting pur- 
poses, and the other for swinging or lowering the boom. 
Th^ pawl and ratchet shown at the end of each drum, is for 
holding the weight with one drum, while the other is opera- 
ting the boom. 

It is obvious that the drum will only unwind when caused 
to do so by the weight, hence friction hoists are used when 
the duty consists of lifting only. For general purposes there- 
fore, hoisting engines are provided with reversing gears, 
usually the link motion. Fig. 42 shows a deck winch 
engine for vessels. Two cylinders are here used, the cranks 
being at a right angle one to the other, and a link motion 
being used for reversing purposes. 

Fig. 43 represents a horizontal center crank plain slide 
valve engine, by Smith, Meyers & Schnier. The eccentric is 
here placed inside the frame, the eccentric-rod having an 
offset to enable it to clear the frame. The steam-chest and 
valve are inclined, and the governor and steam pipe are on 
one side of the steam-chest. 

The cylinder overhangs the end of the frame, which ex- 
tends over the top of the cross-head; access to which is ob- 
tained from openings on the side of the frame. This affords 
a rigid frame, which is not disturbed by the expansion and 
contraction of the cylinder. 

PISTON VALVE ENGINES. 

An Example in Ellglnes with piston valves, is shown in 
Figs 44y 45 and 46. The valve consists of a hollow piston 




In Fig, 46 the piston is ehown at the end of iIjc stroke at 
the headend of the cylinder, the course of the steam heing 
denoted hj- the arrows. 

Forward Rannine Engines are those in which the top 

of the fly-wheel runs towards the engine cylinder. 

Backward RDsninv Engines are those in which the top 
of tlie fly-wheel runs away from the cylinder. 

A Right Hand engine is one in which the fly-wheel ia on 
the right hand of the observer when he stands at the head- 
end of the cylinder. Left hand engines wiU have the fly- 
wheel or main driving pulley on the left. 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FROM PART UL 



What are the first things to do in starting a plain slide-valve 
engine? 

What is the best position for the crank to be in for starting. 

What would constitute a thorough examination of a plain slide- 
valve engine if the engineer did not know its condition? 

What would be the examination an engineer should make of a 
plain slide-valve engine if called upon to start it as quickly as 
possible without knowing its condition? 

In what order should a thorough examination be made of the 
engine? 

WTiat is a lead used for in adjusting (he fit of a brass to its 
journal? 

How would you take a lead? ^ 

When a lever is used between the two brasses what does the fit of 
the top brass depend upon? 

In oiling the engine what precaution would you take to prevent 
the journals from heating? 

How would you find out if the connecting-rod was of the right 
length to give an equal amount of clearance at each end of the 
cylinder? 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEABNEB FKOM PART UL 

CONTINUED. 

How would you test whether the slide-valve was set properly f 

Is the practice of '^^squaring^^ a common slide-valve correct? 

What effect does the wear of the crank-shaft in its hearings and 
the wear of the valve motion have wlien the cylinder is above 
the crank f 

What when the cylinder is below the crank f 

What would you do if the crank-shaft bearings began to heatf 

What paH of the engine is the most likely to get hot from the 
friction of the fit f 

What are the principal causes of hot crank-pins? 



PART Til. 



STARTING A PLAIN 
SLIDE-VALVE ENGINE. 

The Method to be Parsaed before starting a plain slide- 
valve engine depends upon what the engineer knows about 
the condition of the engine. 

If he knows the engine is in proper running order, all that 
is necessary is to first attend to the oil cups and start them 
feeding. 

Then, if it is necessary, move the crank into the required 
position to start it easily; open the waste water cocks to relieve 
the cylinder of the water that will be condensed from the 
steam when it enters a cool cylinder, and turn on the steam; 
giving the throttle valve enough opening to start the engine 
slowly. 

The Best Position for tho crank-pin to be in to enable its 

starting easily, is midway between the horizontal and vertical 
position (or, in other words, at an angle of 45° to the line of 
centers) and inclining towards the cylinder, so that when the 
engine moves the piston will travel towards the crank-shaft. 

There are Two Reasons why this is the best position for 
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starting. The first applies to all engines because there is a 
greater piston area for the gteam to act on when the piston is 
moving towards the crank, than there is when it is moving 
away from it. This occurs because the piston-rod excludes the 
steam from a part of the face of the piston. The second 
applies to all plain slide-valve engines whose slide-valves have 
equal laps and both steam-ports of equal widths, and is that 
the live steam follows further on the stroke when the piston is 
moving towards the crank than it does when it is moving 
away from it, and it follows that more piston power is devel- 
oped, and the engine is less likely to stop when passing the 
dead center. 

When First Taking Charge of an Engine it is proper, 

before starting it, to ascertain that it is in fair working order. 

A Complete Examination of an Engine should include 

a test of the fit of the piston to the cylinder- bore ; of the cross- 
head to the guide-bars; of the connecting-rod brasses to the 
crank-pin and cross-head journals; and of the crank-shaft to its 
bearings. It would also include a testing of the alignment of 
the crank-shaft and of the guide-bars, as well as the set of the 
valves and the adjustment of the governor. 

The Least Examination Permissable with a Bne 

Regard to Safety would be to move the engine throughout 
at least one full revolution by hand, and to see that the con 
necting-rod brasses and the main bearings do not fit too tight 
to their respective journals, and to then start the engine slowly 
by giving it only enough steam to move it, keeping the hand 
on the throttle valve so as to be able to shut off steam instant- 
ly should it become necessary. 

A Thorongh Examination should be made in the follow- 
ing order. 

First slightly loosen the nuts on the crank-shaft bearings 
and also the connecting-rod keys. 

Then move the fly-wheel around until the crank points 
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straight to the cylinder, which will bring the piston up to the 
outer end of the cylinder-bore. 

Take off the Cylinder-Cover and also the follower from 

the piston-head and see that the piston-rings are set out to 
fit tlie cylinder bore but not to bind it tight. Then bolt the 
follower up firmly in place again. 

Take off the Connecting-rod and move the piston until 

it touches the cylinder-cover at the other, or crank-end, of tha 
cylinder, and then draw a line across the side face of the cross- 
head guide and of the guide itself. 

Put on the cylinder-cover and push the piston back until it 
abuts against it, and then make another line on the cross-head 
guide and the guide-bar and these two lines will show the 
extreme positions to which the piston can be moved when the 
connecting-rod is disconnected. 

Next put on the Connecting-rod, carefully adjust the 

keys or wedges so that the bores of the brasses fit easily to 
the crankpin and cross-head pin, seeing that the oil holes are 
clear and that oil will feed properly to the journals. 

In making this adjustment it is a good plan, if there is any 
end play of vhe brasses on the crank-pin, to set up the key or 
wedge until the rod can just be moved by hand on the pin, by 
Srst pulling the rod to one end of the pin and then pushing it 
CO the other. 

In putting on the rod it will be necessary to move the pis- 
ton a trifle towards the crank. 

In Making the Adjustment of the crank-pin fit to the 

rod brasses, it is a good plan to drive the key home until the 
brasses are known to bind the crank-pin, and then mark a 
line across the side face of the key and fair with the top face 
of the connecting-rod strap, to then slacken back the key 
enough to ease back the brasses to a proper fit, and then 
mark another line on the key. 
The first line will form a guide as to bow much to slacken 
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the brasses to adjust the fit, and the second one will 
fonn a guide as to how much the key is moved when 
making a second adjustment, if one should be found neces- 
sary after the engine has been running. 

Similarly, in Adjusting the Main bearing boxes to the 

crank-shaft, either the nuts, or what are called leads, may be 
taken to adjust the fit. Leads are necessary when the joint 
faces of the brasses do not meet, but are left open so that the 
wear can be taken up while the engine is running. 

It is better, however, to let the brasses abut together, so 
that it may be known that the fit is correct when the nut is 
screwed firmly home. 

The Method of Taking a Lead is as follows: The top 

brass is loosened, and between the joint faces of the brasses 
or boxes on eacli side of the shaft, a piece of lead wire is 
inserted. For a shaft of say four inches in diameter, the 
lead wire shall be about ^ inch in diameter, or for a 1 inch 
shaft the wire should be ^ inch in diameter, and should be as 
long as the brass. The nuts are then screwed firmly home, 
and the wire will be squeezed between the brasses and thus 
flattened on two opposite sides, the thickness showing how 
far the joint faces of the brasses are apart when the bore 
grips the journal. 

A. Liner, Fit-Strip, Distance-Piece, or Shim (all 

these names meaning the same thing) is a strip of metal 
placed between the joint faces of the brasses to hold them the 
proper distance apart to make a working fit of the journal 
and brasses, when the latter are firmly bolted up. 

The Fit of the Top Brass therefore depends upon the 
fit-strip being of the proper thickness from end to end. 

Now the Lead Wire is the gauge for the thickness of 
the fit-strip, the latter being made a trifle thicker than the 
flattened sides of the lead. 



102 KEY TO ENGINES AND ENGINE RUNNING. 

If the Lead is Thicker one end than the other, or if one 
lead is thicker than the other, the fit-strips must be madeso, 
and the leads must be marked so that it may be known 
which way they were placed between the brasses so that the 
proper fit-strip may be on the proper side of the brass, and 
the proper end towards the crank. 

Another Method that is adopted in the case of large 
brasses, is to screw down the nuts until the brasses bipd the 
journal, and then make a mark on the nut and on the bolt 
thread. The nut is then slackened back as much as the 
judgment dictates, and a note made of how much this is, the • 
marks forming a guide. 

As the wear takes j)lace, and the nuts screw farther down, 
a new mark is made on the nut so that it may always be 
known how much to screw up or unscrew the nut, to make a 
light adjustment. 

To Avoid Heating it is a good plan to press some tallow 
into the bottom or in one comer of the oil cup, and then 
pour in the oil used for ordinary lubrication. So long as the 
bearing remains cool tlie oil will feed and the tallow remain. 

If the Bearing Heats, the tallow will melt, and having 
a heavier body will give a more suitable lubrication. 

To find if the connecting-rod is of the right length to give, 
as it should do, an equal amount of clearance (or space be- 
tween the piston and the cylinder-cover) at each end of the 
stroke, move the fly-wlieel a trifle in either direction, and then 
move it back until the crank is on the dead center, and draw 
a line across the cross-head guide and guide-bar, and the dis- 
tance between this line and that drawn when the connecting- 
rod was disconnected, shows the amount of clearance at that 
end of the cylinder. Then move the crank-pin over to its 
other dead center and mark a line across the cross-head guide 
and the guide-bar^ and the distance b^tw^^e this Une aii4 
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that drawn before the connecting-rod was put on, will sliow 
the clearance at this end of the cyhnder. 

If the clearance is not equal for tlie two ends it should be 
made so, by putting liners behind the connecting-rod brass(?s 
so as to lengthen or shorten the connecting-rod (according as 
the case may require), and equalize the clearance, while at 
the same time bringing the connecting-rod keys up to their 
proper heights. 

To Test the Set of the Talve the steam-chest cover 
must be taken off, the crank placed alternately on each dead 
center, and the lead measured for each port. 

An unequal or an equal degree of valve lead may be given 
by suitably altering the length of the eccentric-rod, but 
when the lead is equal for the two ports, its amount must be 
regulated by moving the position of the eccentric upon the 
crank -shaft. 

SQQftrillg a Valye. A method not uncommonly pursued 
in setting a valve is to what is call square it before trying it. 

This squaring process consists in so adjusting the length of 
the eccentric-rod that the valve travels an equal distance over 
or past the steam edge of each steam -port; but since the 
valve does not, when set to give equal lead, travel equally 
past each port, therefore the work done in squaring a valve 
is all thrown away, and may result in altering the eccentric- 
rod from its proper length to an improper one, necessitating 
that it be altered back again in order to set the lead right. 

The Proper Method is to adjust both the length of the 
rod and the position of the eccentric, by testing the lead at 
once, lengthening the eccentric-rod to increase the lead at the 
crank-end, or vice versa. 

Each Alteration of Eccentric Position may render 

necessary an alteration of rod length, or vice versa, each alter- 
ation of rod length may render it necessary to alter the 

^cc^ntric poeitiQD, be&ce the lead should b^ tried at b^tb 
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ends of the cylinder after each alteration of either rod length 
or eccentrc position. 

In Yertical Engines the weight of the crank shaft causeB 
it to wear the bottom brass or part of the bearing box the 
most thus lowering its position, while the eccentric straps 
and pins wear most in the same direction, hence the wear 
increases the lead at the head end of the cylinder when the 
latter is above the crank, and at the crank-end when the 
crank is above the cylinder. 

When the Cylinder is Abore the Crank the weight 

of the piston, cross-head and connecting-rod is counter-balan- 
ced at the end of the down^^ard piston-stroke by giving the 
crank-end port more leaii; but when the cylinder is below 
the crank it is the head-end port that must be given increased 
lead to prevent a pound or knock, or to allow for the wear 
downwards of the parts. 

After an engine is started the pet- cocks should (if they 
are not automatic), be closed as soon as dry steam issues, and 
if this cannot be seen, it may be assumed to occur after the 
engine has made about 20 revolutions. 

The parts that will then require particular attention, are 
the crank- pin, main bearings, cross-head guides and the 
pump, if there is one. The former must be kept properly 
hibricated, so that they may not get hot and the cylinder 
lubricator (wliich is usually placed on the steam-pipe), must 
be set to self feed properly. 

If the Crank-Shaft Bearings should begin to heat, 

loosen the cap bolts and lubricate more freely, or if it is at 
hand some melted tallow may be applied with the oil as a 
heavier lubricant may stop the heating. 

The crank-pin requires the most attention and is the most 
difficult to keep cool and to examine, because of its circular 
path rendering it difficult to feel it. This may be done how- 
ever, in two ways, first by standing at the end of the engine 
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bed and gradually extending the hand, until the end of the 
rod meets it as it passes, and second, by placing the hand on 
the connecting-rod as near to the end of the guide-bar as pos- 
sible where its motion is diminished and moving the hand 
towards the crank-pin, by which means the end of the crank- 
pin may be approached gradually. 

If the end of the rod is hot the engine speed should be 
reduced or the engine should be stopped so that the connect- 
ing-rod key or wedge may be eased back, and the oil feed 
made more copious. Then, after the engine has been stopped 
for the night, the brasses should be taken ou(, and any rough 
surface either on the brasses or on the pin smoothed down 
with a file. 

Hot Crank-Pins ^^J occur from several causes, but by 
far the most common ones are from improper oiling, or from 
the engine being out of line. 

A heavier oil will often stop, or at least modify, the heating, 
but its cause should always be discovered and remedied. 
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<2UE8nON8 WHOSE ANSWERS WILL BE 
LEARNED FROM PART lY. 



What is an automatic cut-off engine? 

What are the principal forms of automatic cutoff engines? 

\Miat kinds of governors do engines with releasing valves havef 

What class of engine is the best representative of engines having 
a releasing gear? 

How many valves does a Corliss engine have? 

Explain the action of a Corliss valve-gear 

What duty does the latch-link or crab-claw of a Corliss valve 
gear perform? 

Wliat means are employed to trip the admission valve? 

Wliat determines the point of cut-off and how does it do so? 

What closes the valve? 

What is a dash-pot? 

What enables the dash-pot to work noiselessly? 

Row is the amount of air cushion in the dash-pot regulated? 

^hat shape is a Corliss valve and how far would its lap^ as 
ordinarily constructed^ carry the live steam j^^riody leaving the 
cut-off mechanism out of the question? 

In stopping a Corliss engine what jTOsitwn would it be best for the 
crank to stop in?- 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FROM PART IT. 

CONTINUED. 

What would you do if you found Hie engine was about to stop on 
Ihe dead center. 

^hat is a starting bar and what is it used for f 

Bow would you start a Corliss engine? 

Bow should the fit of a Corliss valve be adjusted? 

To what distance should the dash-pot piston fallf 

Row can a Corliss valve be constructed to enable it to follow up 
the wear? 

Does increasing the speed of an engine cause it to require more 
skill to run itf 

What governs the position the latch-link must be in after ihe cut- 
off has occuredj in order to keep the lead eqaalf 

What adjustments of a Corliss valve-gear will vary the valve 
lead? 

What effect upon the lead does altering the length of the dash-pot 
rod have? 

What effect upon the lead does lengthening the rod from the wrist- 
plate have on the valve at the head-end of the cylinder? 

What adjustments would you make if the engine had been run- 
ning a~very light londy and required to be adjusted for a heavy 
had? 
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THE PltlNCIPLES OF 
A CORLISS VALVE GEAR. 

Tbe Admission Talve. The al«m of the aiimisRion v&We ' 
is aiiown tit s, fast on this stem is a bell crank r r workei! hy 
a rod from the wrist- plate, which is reciprocated on its center 
by the rod M, that is worked from an eccentric which is fast 
upon ihe crank-shaft. 




IXg. 47. 

The La(«ll'-llDk a is pivoted on the end of r r, and is 
more clearly seen at ii' in Fig. 49. It has two legs, in one of 
which is a notch or recess which engages and disengages a 
latch-hlock that is pivoted on the end of an arm wiiich is 
fast on the valve spindle. 

With the parta in the positions they occupy in the figure 
the latch-block cannot be seen. It is, however, seated in a 
reress in the latch-iink a, so that Bupposing the rod M to 
move to the right, a will be raised, and will, through the 
tnediam of the latch-block, revolve the valve stem s and cause 
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the valve to open the port at that end fur the aiimis&ion. 
which will continue until the latch-blvxrk is tripped out of 
the recess in a. 

Lateh-links are Sometimes Tensed Cnb-elaws 

which arose from their shape resembling the claw *jt a erari; 
the term "latch-link," however, is more corr»-«:i, 'r»^ra:L*e it is 
a link that latches and unlatches from the lati-:: ';'l«j*:k. 

The Means Employed to Trip or Relesfle tke Talre 

is shown in Fig. 49 which shows the parts in (•••efitiun at the 
point at which the latch-block e (whose operating: arm is remov- 
ed from the valve spindle *' so as to expose «• to view), is trip- 
ped from the recess shown in m' at **: hence valve stt^m s' is 
freed from connection with the latch-link and thertiore free 
to move the valve and close the port for tiie cutnjff. 

The Point of Cut-off is determine*! by the governor, 
from tlie following construction: The latch -link >/ has, it is 
seen in Fig. 49, two legs, in one of which is the recess ia, 
while the end of its other leg (^) l»ears against the hub of 
the crank ai*m d' upon which is a cam piece or projection n'. 

The arm d' is connected to the governor by ari>l G', hence 
as the governor balls rise and fall they move the p<jsition of 
the cam w'. The latch-block e remains seate*i in the recess w 
(whose end y lifts e) until the end of the arm y rueets tiie end 
of the cam n' and mounts upon it, which causes the latch- 
link to move upon its pivot in «', and its recess to move 
away from the latch-block and leave the valve free to close. 

The Moment the Lateh-block is Free from the latch- 
link the valve is closed by the action of the daj-ii fnjt or vacu- 
um-pot as it is sometimes termed, the construction being as 
follows: 

In Fig. 48 the parts are shown in the position they occupy 
when the piston is at the crank-end of the cylinder, and it is 
seen that the dash-pot piston is raised creating a j^artial vacu- 
um beneath its lower end ; as soon therefore as the latch- block 
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"taipped the piston p falls, carrying with it the rod R which 
ita upper end is pivoted to an arm that is fast on the valve 
die or stem s, hence the valve is closed by the falling of 
ioidR. 

Ab Jkir Cnshion is provided to enable the dash-pot to 
itself quietly, by means that are seen in Fig. 49. 

hi the enlarged bore H of the dash-pot is a hole h through 
^hich air can pass. 

Ab the dash-pot falls, the air passes out through this hole 
Xmtil the dash-pot piston passes over it and closes it, after 
^hich the remaining air is compressed and acts as cusliion. 

To regulate the amount of air compression or cushion, a 
Talve 5' is provided, its stem being threaded so that its end 
may more or less close the bore of its seat, which passes into 
H. At t is & spring, which holds the head of valve s' in 
its adjusted position. 

The ConHtmction of the yalTes is shown in Fig. 48, 

which is a side elevation of one half of the cylinder, and 
shows the governor in connection with the valve gear at the 
crank-end. The valve gear is shown in the position it would 
occupy when the piston was at the crank-end of the cylinder 
with the crank on the dead center. 

The admission valve v is shown in end section and removed 
from the cylinder. 

The exhaust valve is also shown in end section removed 
from the cylinder. Both valves are shown in position corres- 
ponding to the positions occupied by the valve gear. 

The valve faces are arcs of circles (of which the axis of the 
valve stems s are obviously the center^), and the steam or 
admission valve v is given steam lap sufficient, that if allowed 
to act independently or uninfluenced by the cam motion, trip 
motion, or releasing mechanism, live steam would follow the 
piston throughout about J of the stroke. The latest point of 
cutofE permitted by the cam motion, however, is usually at 
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about § stroke. The admission valve v is shown open to 
amount of the lead, and the dash-pot piston P raised fromitl 
lowest position to an amount corresponding to the lap ftod 
the lead of tlie admission valve. 

Steam from the boiler enters at the top of the cylinder, 
the hand wheel for the throttle valve being shown at Z. 

The exhaust passes out at the bottom of the cyUnder. 
At L is a lever or starting bar that is employed to start 
the engine, which is done as follows: 

STARTING A CORLISS ENGINE. 
In Shnttlng Off the Steam to Stop the Engine the 

engineer endeavors to regulate it, that the crank will stop at 
about J of the way between a dead center and the vertical 
position. 

It is best to let the crank stop in such a position that the 
piston is nearest to the head -end of the cylinder, the reasons 
for this having been explained with reference to starting 
plain slide-valve engines. 

If he finds that the crank is about to stop upon the dead 
center, he operates the throttle wheel Z to let a little steam 
on, and taking hold of the right hand end of the rod M, he 
raises it so as to disconnect it from the wrist-plate. He then 
operates the starting bar L Fig. 48, to admit a little steam, 
and moves the crank very slowly to about midway between the 
horizontal and vertical position, so that it may be in the best 
position to start again. Or he may operate the starting bar 
to let the steam in on the other side of the piston, and stop 
the engine before it has travelled too far. Which of these 
courses he will pursue, depends upon the speed the engine is 
going at, but it will readily be seen that the use of the start- 
ing bar enables him to let in the steam on either side of the 
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ton, or to shut it off, so as to stop the crank at the requir- 

I point. 

To Start the Ensrine again the engineer (after opening 

cylinder drain-cocks or pet-cocks, if they do not work 

automatically) may, and usually does in the case of large 

engines, use the starting bar to let in a little steam alternately 

on each side of the piston so as to warm the cylinder before 

starting the engine. He then turns on the steam quickly, 

and with his right hand lifts the rod M up so as to disconnect 

it from the wrist-plate. 

Tbls Enables him to use the starting bar to hold the valve 
open and prevent the cut-off from occurring, by reason of the 
latch-link meeting the cam when the piston has made § stroke 
as it would do if rod M was not connected. 

If the crank should travel far enough to cause the valve 
to have been tripped and closed, the starting bar L can be 
used to open it again, and give a second admission, it l>eing 
borne in mind that in starting it is best to let live steam 
follow nearly full stroke so as to heat the cylinder as quickly 
as possible, and prevent the pressure in the cylinder from 
rapidly reducing by reason of its condensation. 

If, in attempting to start the engine, it should stop just 
before reaching the dead center, the starting bar is employed 
to cause steam to be admitted to the other end of the cylin- 
der, causing the engine to move backwards until the crank- 
pin has reached a position favorable to start from in the 
proper direction, the starting bar may then be employed to 
open the valve and start the engine in the proper direction. 

All that is Necessary to a proper use of the starting 
bar is for the engineer to familiarize himself with tlie direc- 
tion in which it must be moved in order to open the port at 
the required end of the cylinder (which will enable him to 
use it without looking at the valve gear), and while watch- 
ing the cnmk motion closely, operate the starting bar quickly, 
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As soon .as the crank (while running in the required 
tion), has fairly passed the dead center, the rod M should 
hooked upon the wrist-plate and the starting-bar removed. 

If the engine has a light load it will start the more 
and it may not be necessary to use the starting-bar to 
long the point of cut-off; but under a heavy load with 
cam motion designed, as is usually the case, so as to gin 
the latest point of cut-off at f piston-stroke, the engineer «3 
know that shortly after the crank has passed the verdcd 
position the starting- bar must be used to keep the port open 
or reopen it, if the valve has been allowed to trip. 



f- 



tii 




Fig. 50. 

In Adjusting the fit of the valve it should not bed to its 

seat witli any more force than just enough to keep it steam- 
tight, and it is best to adjust it while the cylinder is warm. 

The Dash-Pot of a Corliss engine requires to be cleaned 
occasionally, and properly lubricated. 

The amount of cushioning must be so regulated, that the 
dash-pot piston will fall to the bottom of the dash-pot with- 
out a pause, and without striking a blow when it seats itself. 

In Some Corliss Engines the valve stems are fitted 
into recesses in the back of the valve, as shown in Fig. 50, 
which represents the upper end of the cylinder of a vertical 
engine. This construction permits the valve to move up to 
its seat and follow up the wear. On the other hand, however, 
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reaees the friction of the valve, and renders its lubric&- 
more important, 

he adjuatineiit and lubrication of the valve is & very im- 
tant point in running a Corliss, (or indeed any other 
pne), because if the valve sticks, or has excessive friction, 
idaeh-pot cannot act properly. 

A Hodlfleation ot the Corliss valve as employed in the 
wiffl engine, is shown in Fig. 51. 
On the back of the main valve, is a eeparate cut-ofl valre 




Fig. 51. 

vbose stem passes through the stem of the main valve. 

The main valve is a positive fit to its seat, while the cut-oS 
ralve is capable of sliding upon its stem to follow up the 
wear. 

ADJUSTING CORLISS VALVE-GEARS- 

In proportion as the speed of an engine is greater, more 
watchfullnese is required in mnning it, because the greater 
the difficulty of preventing the parts from heating or pound- 



All the DlreetimiB Olvm with reference to the examin- 
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ation of a plain slide-valve engine apply to a Corliss ei 
(or to any other steam engine for that matter), while 
are the additional points that the valve mechanism reqt 
careful attention as follows: 

The Latch-Block will be in its proper position to 
caught by the latch-link at the required point in the pif 
stroke and thus keep the valve lead equal, so long 
dash-pot piston always falls to the same point in the dash* 

The Amount of the valve lead will be varied by alterikg] 
the lengili of the dash-pot rod R (Fig. 48), or by altering ths^ 
length of the rod C (Fig. 48), from the wrist-plate. 

The First of these A4justments alters the position of 

the latch- block, while the second alters that of the latch-link. 
But altering the length of C Fig. 49, also alters the point 
of cut-off, because it alters the position of the latch-link with 
relation to the cam n'. 

Now the Admission Talye having nothing to do with 
the exhaust, all it is required to do after the cut-ofl has occur- 
red, is to remain steam-tight. 

The Proper Adjustment is, therefore, to so regulate the 
length of rod R, that when the dash-pot piston is at its lowest 
position in the dash-pot, the steam valve will be in mid -posi- 
tion and will cover the steam-port equally on each side. 

The Length of the rod C Fig. 48 should then be so adjus- 
ted^ as to move the latch-link into position to lift tlie latch- 
block and give the required amount of lead when the crank is 
on the dead center. 

A Line Is Usually marked on the circumference of the 
bub of the bell-crarik, to sliow the position to hinge the bell- 
prank tp, when the crank is on the dead center, in order to 
givp a certain apipupt of lead. 

The Proper Adjustment of the rod G (that operates the 

cs^m arm a?;) depends upon the speed the epgipe j& tQ juij fH 



|"V _ 
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k: Under a giyen amount of load, and must be made with refer- 
ence to the amount of rise and fall of the governor balls, 
'Which will, whatever the amount of the engine load may be. 
Stand at a given height for a given engine speed. 

Suppose the governor balls to stand in the mid-position of 
their rise and fall, and lengthening G would cause the cut-off 
to occur later, and increase the speed of the engine, while 
shortening G would hasten the cut-off and reduce the speed. 

If the Engine has a varying amount of load, the length 
of this rod should be such as to cause the governor balls to 
seat to mid-position under the average load, thus allowing an 
equal amount of margin for variation in either direction. 

After the Engine is Started the first thing to do, is 

to see that the lubrication of all the parts is proceeding prop- 
erly, especially that of the crank-pin, the main bearings, the 
cylinder oil feeder and the guide-bar oil cups. 

It i^ a Good plan, when the engine has been running a 
little while, to take some of the oil that has been worked 
through the crank- pin, and smear it on a piece of white 
paper, and if the brasses are cutting, fine particles of metal 
will disclose the fact. 

Both Heatms: and PonndlOg may occur from the en- 
gine being out of line or heating only may occur from this 
cause. 

There is no remedy but to align the engine. If the main 
bearings are adjustable sideways, the engineer may try a 
slight adjustment of the boxes while the engine is running, 
but this is merely guess work. 

Pounding may occur however, from insufficient cushioning 
for the speed the engine is running at, it being obvious, that 
the amount of cushioning required, increases with the speed 
of the engine. 

The adjustment of the amount of compression for cushion- 
ing, is madia by mean^ pf the rod F Fig. 48, it being obvious, 
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that lengtheniDg this rod increases the araoant of comp^^ 
sion because it causes the exhaust valve V^ to close the ^' 
haust earlier. 

The Point of Belease however, is delayed by lengthen- | 

ing rod F, because by so doing the valve is revolved, so tb«t 
its right hand edge (which effects the compression and r©* 
lease) covers the port more. 

THE BROWN 
AUTOMATIC CUT-OFF ENGINE. 

In this engine there are two separate induction or admis- 
sion valves operating vertically, and two separate exhaust 
valves operating horizontally; both sets of valves are operat- 
ed from the shaft A, which is driven by gearing from the 
crank-shaft, and drives a shaft B upon which are the eccentrics 
D operating levers E which are pivoted at their outer ends, 
and at their inner ends pass within a slot provided in the 
guides F of the induction valve spindle. 

In connection with tongues or tripping pieces, the levers E 
lift the valves for the admission period, the point of cut-off 
being controlled by the governor as follows: The valve stem 
I is attached to a guide F, and in a slot in this guide is a 
tongue G. This tongue is pivoted in the guide, and has, at 
its upper end and within the slot of the guide, a catch or trip 
piece, beneath which stands the end of an arm E. 

Now the Induction TalYO is closed when at the bottom 
of its travel, and the weight of the valve and stem and the 
pressure of the steam (acting on an area equal to the area of 
the valve stem) are, combined, always acting to keep the valve 
at the bottom of its travel, that is, in its normal position, and 
there it remains until hfted for the admission of steam. 

The Manner of Effecting this admission is as follows: 
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The end of the arm G acting against the catch on the upper 
end of the tongue, lifts the valve and %^ds it open so long 
as the tongue is not tripped. The instant, however, the latter 
action takes place, the valve, from its weight and the action 
of the steam upon the area above mentioned, closes, the 
movement being cushioned after the valve is completely 
closed, by means of the small dash-pot shown ^beneath. 

It Is Eyldent then that, by regulating the eccentrics, 
the valve may be given any desired amount of lead, and that 
the duration of the period of admission may be varied by 
tripping the tongue before referred to; and this is accomplish, 
ed by the engine governor in the following manner: The 
governor acts upon a rod $f, the end of the governor spindle 
being attached to a crank artn attached to this rod. Upon 
this same rod, and immediately behind the induction valve 
spindle guide F is an arm, standing vertically, and carrying a 
pin H standing horizontally. 

Now the Ton^e which, at one end, acts as a catch to 
the eccentric arm, at the other end protrudes from the back 
of the slide spindle guide, and stands directly beneath the 
pin, obviously then, the lever continues to lift the valve for 
the induction until the tongue is tripped by the pin, where- 
upon the induction valve is released, and descends, thus effec- 
ing the cutoff. 

Th© GoyerDOr, therefore, by controlling the position or 
heiglit of tlie pin H, controls the period of admission. 

To Enable the handling of the valve when starting the 
engine, a friction device C is employed, being so constructed as 
to permit the hand-wheel M to be used to operate the valves 
independently of the shaft from the governor. 

The Exhaust Talyes lie horizontally, and are operated 
as follows: Upon a shaft are discs I which- are. provided with 
cam grooves, The rocker-arm K carrier a friction rcUcr 
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vLich give to the exhaust valves a positive motion both to 

>pen and close the valves, thus avoiding the employment of 

dash-pots or vacuum pots. 
The motion is such that the exhaust valves open and close 

very quickly, and remain nearly stationary during the rest of 
the stroke, and it follows, that being independent of the 
steam valves the amount of compression may be regulated 
at will, while when once set it will remain the same no mat- 
ter what the point of cut-off may be. 



:o:- 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FROM PART T. 



What is meant by the term ^^High Speed** engines f 

What class of governor is usually used upon high speed enginesf 

Wliat is the usual method of varying the point of cut-ttff on 
high speed engines? 

In what respect is the ^^ Straight- Line** engine an exception to other 
single slide-valve engines? 

How many valves has the Buckeye engine and how are Ihey 
driven f 

StatCj in a general way^ what a whf^l governor consists off 

How are the centrifugal and centmpetal forces adjusted in a whed 
governor? 

Wliat is the peculiarity of the Armingtcn'Sims engine? 

Describe^ in a general way^ the Porter- Allen valve gear? 

What are the important adjustments in the Porter-Allen engine? 

What peculiarity of crank position when setting the valve-lead is 
there in the Porter- Allen engine? 

Describe^ in a general way^ the valve balancing mechanism of a 
Porter- Allen engine? 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FROM PART Y. 

C0N6INXJED. 

What is the effect of shifting the eccentric across the crank-shaflf 

What is the object of employing a separcUe cut-off valve, or expan- 
sion valve. 

What effect on the amount of valve lead does the employment of 
a single valve have when it is shifted across the shaft to vary 
the point of cut-off f 




IIIGIT SPEED AUTOMATIC 

CUT-OFF ENGINES. 

What are termed High Speed Engines ^re those 

wboae pislotiB run at a velocity of more than about 600 teet 
per iniimte, some making aa lilgli as KOO or SOO feet in regu- 
lar work. High sjHjud engines are tisiially provided with an 
auloinatic cut-off, and a majority of them vary the point of 




Fig. 53. 

The BuokeTa Sigh Speed AtttomatiQ Ont-Off Enelse. 

cut off, liy means of siiitling tlje eccciilnc across liie shafi, so 

oa to reduce the eccentric-tlirow, and therefore the valve 
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^vel. This causes the valve to cut off the steam earlier. 
T^he eccentric, instead of being fixed upon the crank-shaft, 
^^Jtt an elongated bore, and is liung on an arm tliat is pivoted 
^^ Its other end after the manner of a pendulum. This arm 
^ called the eccentric-hanger. 

A Wheel Ooyernor is usually employed to shift the 
Centric across the shaft. In some cases, however, two 
Valves are employed, one effecting the admission, tlie release 
ftnd the compression, and the other the cut-off. 

When two valves are employed, the lead, the point of cut- 
off, the point of release, and the point of compressson may 
he maintained equal for all points of cut-off; whereas when 

a single valve is employed, the lead, the point of release and 
the compression will vary with the point of cut-off, or, in 
other words, will be different for every different point of 
cut-off. 

The 8trale:ht-Llne Engine is, however, an exception to 
this rule, inasmuch as while a single valve is used, the "valve 
lead and the points of cut-off are practically equalized. 

In the Buckeye Engine a main valve is used to govern 
the admission and exhaust, and a cut-off valve is used to vary 
the point of cut-off, and thus proportion the power of the 
engine to the amount of the load. 

The Main TalTe is driven by a fixed eccentric, heil^ce 
the valve lead, the point of release, and the amount of com- 
pression is equal for all points of cut-off. 

The Cnt-off Talye is driven by an eccentric that is 
moved around the shaft (and not across it, as is commonly 
the case) by a wheel governor, hence the travel of both valves 
is equal for all points of cut-off, and the wear,, both of the 
valves and their seats, is kept as equal as possible, which is 
an important element in keeping the valves steam-tight. 

An Automatic cut-off engine, designed by the New York 



130 KEY TO ENGINES AND ENGINE RUNNING. 

Safety Steam Power Company, is shown in Fig. 54. In this 
engine a wheel governor operates a piston-valve, taking steam 
at the ends and exhausting in the middle of its length, and 
the valve is balanced by giving to its two ends an equal area 
for the live steam to press against, and Fig. 55 represents the 
engine attached direct to a Dynamo for electric lighting pur- 
poses. 

The valve spindle is provided with a guide, so that the side 
strain placed upon it by the eccentric-rod, may not cause 
undue wear upon the piston- valve, and it is necessary to keep 
these guides in proper line, and an accurate working-fit. 

WHEEL GOVERNORS. 

The General Principles upon which a wheel gover- 
nor is constructed, may he understood from Figs. 56 and 57, 
the former showing the position of tlie parts when the eccen- 
tric is drawn in upon the crankshaft to its position of greatest 
throw where it will be when the engine is at rest, and the 
latter showing the parts at their extreme outward positipns, 
where they will be when the engine is running empty or 
without any load upon it. 

S represents the shaft upon which is fast a wheel or disc 
A A, to which is pivoted the eccentric-hanger c, whose piv- 
oting is shown at d. The eccentric C is fast upon c and con- 
nects by a pivot to the left hand weighted lever B, which is 
pivoted at h and connects by a link e e, to another weighted 
lever B, these two levers being diametrally opposite. 

When the disc or wheel revolves, it carries all the parts 
with it, and the centrifugal force generated by the weighted 
levers B B, acts to pull the eccentric over and bring its cir- 
cumference more nearly equal to the axis of the crank-shaft. 
This reduces the eccentric throw and therefore the valve 
travel, which hastens the point of cut-off. 
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Tlie outward motion of the weighted levers is, however, 
resisied by the spiral springs D, wliicli act to pull tho 
ecwntric inwards upon the shaft, and tlierefore to its jjoai- 
tkn of greatest throw. 




Fig. 56. 

Tlie diameter of the spring coils, and of the spring wires, 
so proportioned, that when the engine has, after starting, 
nearly attained its proper speed, the centrifugal force will 
overcome the spring tension and move the eccentric aci-oss 
the shaft. 

As the springs are carried around by the disc, their tension 
becomes a centripotal force, acting in direct opposition to the 
centrifugal force of the weighted levers and the object is to 
so adjust the tension of the springs that it shall, as the weights 
swing outwards, increwe iii the same proportion as the cen- 
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trifugal lorce increases, whicli latter increase occurs by li 
of the weigliW swinging, as tliey move outwards, i 
of larger diameter, and ilierefore moving at a greater v 
ity. 

The Spril^ tension may be varied to a certain e 
by means of the screws shown at the outer ends of t 
springs. 

If the Springs are used to Increase the spring b 
sion the effect to prolong the point of cut-oif at a given t\ 




Ftg. 57. 



of engine and therefore to adjust the governor for a heavy 
engine load, whereas, if they are used to relax the Bpring 
tension and thereby diminish the centripetal force, the point 
of cut-off is earlier for a given engine speed, hence the adjust- 
ment is suitable jor a light engine load. 



:!•. N..- ;:, \V \.-. 
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Tliis dfforda a. wide range of adiustment of the centriftf^ 
and centipetal foruea. 

The governor of the Armington-Sims engine is shown '" 
Fig. 59. Tlio eccentric i& here made in two sections wMc** 
are moved iu opposite directions around the shaft. 

eccentrics form virtually a single eccentric, wboB^ 




Fig 59 
throw-line {in whatever positions the two eccentrics may be 
placed) pass through the center of the outer eccentric or 
eccentric -ring. 

In the Ide governor, Fig. GO, the inner end of each spring 
is carriud by a block capable of adjustnjent along a slideway. 
The tension increases in proportion as tli^ bloijk ig moved 
put ward 9, 
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THE POETEE-AIXEN ENGINE. 



In the Fortfir-Allen Engine & very accurate adjus^ 
meat of the parts is necesearj, partly on account of the high 



Fig. 60. 
speed at which the engine nme, and partly on account of the 
reGned construction of the valve-gear. 

The Importut Points to be observed in running this 
engine, are to laaintain the link snpporttng arm at the right 
heightj to sM (he lead properly; to set np th« valve balancing 
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pies8ure-plat« properly and to closely watch the lubrica&ft i 
of all the parts. This latter point, however, only haa raa»M 
importance than in other high speed engines, because tl*^ 
speed of revolution is greal«r than in other engines. 

The Talre^ear consists of a link in one piece with on 1 
half of the eccentric-strap. The link-block is moved up and 1 




Fig. 61. 
down the link-slot to vary the valve travel and therefore the 
point of cutoff, by a Porter governor. The link-block works 
a rod R operating a wrist-inotion corresponding in its action 
to the wrist -plate of a Corliss engine. 

The valve is relieved of excessive pressure to its seat by 
means of a pressure-plate, between the face of which and 
the valve seat, the valve slides. 
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- it (he Top and Bottum ol this pressure pUl« are 

i •Wined planes, which fit against corresponJing inclined 

f tUaea provided on the valve seat, and beneath the ett-am- 

rtest are set screws for adjusting the fit of tlie presnu re- plate 

lothe valve. The inclined planes cause the pressure- plate 

) to keep parallel to the face of the valve. 




-%. 62. 

The exhaust valves are separate from the steam valves, 
and are on the other side of the cylinder. 

The Adjnstmeat Meceso&ry to equalize the cut-ofE for 
all points is as follows: In Fig. 61 the link-motion is shown 
\n the position it must occupy when the head is set for the 
crank-end port, the crank being at B; and in Fig. 62 it is 
shown in the corresponding position for the head-end port 
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In both cases the crank is below the lino of engine cent 
When in eitlier of these positions the link-block can be mot 
from end to end of the link-slot without moving the 
motion, and therefore without moving the valve. 

The makers usually mark a line on the parts so that 
crank may be set in this position^ and this being done 
height of the link supporting arm must be adjusted until thi] 
link-block can be moved from end to end of the link withe 
moving the wrist-motion. 

The top of the link supporting arm, A Fig. 61, mustmofB 
in an arc that just meets the line of centers, as denoted IfJ 
the dotted arc in the figure. 

The Lead will, if made equal for each port when the 
parts are in these respective positions, be equal for each port 
for all points of cut-off, but not equal for the two ports. 

The headend port will have the most lead, and it is intend- 
ed that it shall have. But whatever amount of lead each 
port is given it will remain the same, whatever the point of 
cut-off may be. 



•o:<h 
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JESTI0N8 WHOSE ANSWERS WILL BE 
LEARNED FROM PART TL 



ind of a reversing gear is in most common use? 

f the difference between a link-motion with open and one 
yrossed rodsf 

es a link-motion affect the valve travel and what effect does 
ave on the admission? 

ffect on the valve lead does hooking up the link have? 

t position is the link placed when the engine is to he 
if 

s the difference between GoocKs and Stephenson's link 
%f 

r the difference in the action of these two link motions? 

r the objection to GoocKs link motion? 

valve lead he kept equal when the eccentric is moved across 
of t for reversing purposes? 

>uld you shift the eccentric position in order to reverse the 
ion of revoltUion? 
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QUESTIONS WHOSE ANSVtEBS WILL BE 
LEABNED FROM PART TL 

CONTINUED. 

Can the valve lead he kept equal when the point of cut-off « 
varied by shifting the eccentric across the shaft or crankaxhf 

At which end of the cylinder will the lead he greatest when the 
eccentric is shifted across the shaft from a point that is on the 
line of centers at the time that the crank-pin is on the line of 
centers? 

How can this discrepa7icy he equalized? 

Will such equalization exist for all points of cut-off? 

Jf the eccentric is slnfied across the shaft to vary the point of cut. 
off, should the eccentric hanger point of suspension he such as 
to give a greater amount of valve lead at the head end or at 
the crank end of the cylinder? 



PART VI. 



REVERSING GEARS. 

The metbods employed to enable an engine to be reversed 
(i. e. run in either direction), may be classified as follows: 
first, by a link-motion, second, by moving the eccentric 
around the shaft, and third by shifting or swinging the 
eccentric across the crank-shaft. 

Stephenson's Llnk-Motion is that most commonly em- 
ployed.- It is constructed with open or crossed rods. 

A Stephenson's Link-Motion with open Rods is shown 

in Fig. 63 and it is seen that the crank-pin being on the dead 
center furthest from the cylinder the rods connect straight to 
the link without crossing each other. 

If we were to disconnect the rods R and connect the upper 
end of the link and the lower rod, to the upper end of the 
link, we should have a Stephenson's link-motion with cross- 
ed rods. 

The Link L is in fall Gear when the reversing lever M is 
in an end notch of the sector, thus in the figure the revers- 
ing lever M is in the backward end notch and the link is in 
full gear for the backward motion, and to bring it in full 
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gear forward motion, the lever would require to be placed in 
the end notch at the other end of the sector S. 

When in Full Gear a Link-Motioii opens the port 

the widest for admission, and the steam follows during the 
longest portion of the stroke. 

In proportion as the lever is hooked up or moved towards 
the vertical position the amount of valve travel is reduced 
the point of cut-ofE occurs earlier, and the amount the port 
opens for the admission is less. 

When the reversing lever is vertical or in the middle 
notch of the sector S, the link is in mid-gear, and the amount 
the port opens for the admission of steam, depends upon the 
construction of the link-motion. 

In an Open Bod Link-Motion the amount of valve 

lead is increased, by shifting tlie link from full to mid-gear, 
whereas, in a crossed rod link-motion the valve lead is dim- 
inished by doing so. 

When starting an Enfirine having a link-motion, the 
link is put in full gear, and in the case of very large engines 
the link is moved for backward and forward gear, so as to 
let in the steam alternately on each side of the piston, so as 
to warm it and the cylinder before starting the engine. The 
cylinder cocks are opened so as to let the water from the 
steam, condensed in the cylinder, pass out before the engine 
is started. 

GOOCH'S LINK MOTION. 

In G<K)ch*8 motion, Fig. 64, the link vibrates on a fixed 
center, the saddle-pin being supported by an arm which is piv- 
oted at its upper end b. The link-block is pivoted on a rod 
that is pivoted at Q to the end of the valve rod. In the 
figure the crank is supposed to be on the dead center furthest 
from the cylinder, and the link is so hung, that the link-block 
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can be moved from end to end of the link-slot without im 
parting any motion to the valve rod. 

The Talre Lead is Equal therefore for all points of cat^ff 

and for Ixith strokes because when the crank is on the other 
dead center, the link-block can again be moved from end to 
end of the link-slot without moving the valve. 




In the figure the link block is shopn in mid-gear, and it is 
obvious, that moving it along the lino ot centerB will cause 
the valve to move in the opposite direction to what it would 
run in if the link-block were moved below the line of centers, 
and also that the further it is moved from the line of centera 
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the more the valve travel will be, and the later the cut-ofl 
will occur. 

The Objection of Oooch's Link-Hotion is, that in pro- 
portion as the link-block is moved towards full gear (where 
the strain is the most on account of the valve having the 
most travel), the greater the angle of the link-block rod to 
the line of engine centers, and this puts a side strain on the 
valve rod, causing undue friction and wear to the bore of 
the valve rod gland. 

When the Beyersing is Done by shifting the eccentric 

across the shaft the lead cannot be kept equal, but will, if the 
eccentric is swung from a pivot that is on the line of centers, 
when the crank is on a dead center, be greater at the head- 
end than at the crank-end of the cylinder. The discrepancy 
may, however, be equalized by swinging the eccentric from a 
pivot that is not on the line of centers at a time the crank is 
on a dead center. 

Bnt this Equalization will only exist at some one point 
in the eccentric position, or in other words, if the eccentric is 
shifted across the crank-shaft simply to reverse the engine, 
and not to vary the point of cut-off, it will naturally be mov- 
ed, in reversing the engine across the shaft to a given and 
constant amount, and in this case, the pivot on which its 
hanger is hung may be so located with reference to the line 
of centers and the crank (the latter being on a dead center 
when the point of suspension of the eccentric-hanger is 
found), that the lead is equal for both the backward and 
forward gears. 

But if the eccentric is shifted across the shaft to vary the 
point of cut-off as well as to reverse the direction of engine 
revolution, the lead cannot be kept equal. 

It is better, in this case, to so locate the point of eccentric- 
hanger suspension as to let the lead .be the most at the head. 
end cylinder port, because the piston travels fastest at that 
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end ot llie cylinder, and therefore requires more lead, in ^^^ 
der to cushion the piston. 

A construction for shifting the eccentric across the sh&ft -'^ 
shown in Fig. Go in which D D is a disc having, at d, a pi"V- 
ot for the eccentric -banger. The amount the throw-line o^ 



£nd Elevation. 

Fig. 65. 
the eccentric must be shifted to reverse from full gear for- 
wards to full gear backwards, is from the line dx\a line d 
x', and the shifting is done by two racks F and J, having 
teeth at an angle of 4.')° to their lengths. F is fast to the 
eccentric, and J is carried in a sleeve that slides along the 
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shaft, and sliding it moves the eccentric across the shaft by 
reason of the teeth of one rack being at a right angle to those 
of the other. 

It is obvious that the eccentric may be moved around the 
shaft in place of across it, the distance its throw-line requires 
to be moved being the same in either case. 

To Shift an EcCOOtric so as to reverse the direction of 

engine revolution, all that is necessary is to place the crank 

on either dead center and measure the amount of valve lead. 

Then loosen the eccentric from the crank-shaft, and while 

the crank is stationary, move it around upon the shaft until 

It has opened the port full, and nearly close it again, leaving 

It open to the same amount as it was before the eccentric 

was moved, or in other words, open to the amount of the 



To Find how much the eccentric must be moved across 
shaft to revei'se the motion from full gear forward to 
full gear backward, we proceed as in Fig. 65a in wiiicli the 
diameter of the large dotted circle is equal to twice the throw 
of the eccentric and therefore represents the path of the 
eccentric center full size. 

It also represents on a smaller scale the path of the crank- 
pin, which is shown on the dead center a. The dotted circle 
G G has a radius equal to the lap of the valve, and a line P 
P at a right angle to the line of engine centers, and just 
touching the circle G G, will give at X the position of the 
throw-line of the eccentric when the engine is to run in the 
direction of the arrow, and at X' the eccentric position when 
the engine is to run in the opposite direction. 

The line Y B in Fig. 65 corresponds to the line of centers 
in Fig. 65a and points XX' to X X' in that figure, and 
while the eccentric is being moved fromJL to the line of 
centers, the engine will move in the main direction, but the 
point of cutK)lf will be hastened. 
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Fig, 65a. 

After the eccentric has passed the line of centers, the 
jjoint of cut-off will again be prolonged and the direction of 
engine revolution will be reversed. 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEABNED FROM PART YIL 



Is the linear motion given by an eceentric the same as that given 
by a crank-pin f 

Make a rough sketch showing how to find the amount of steam 
lap necessary to cut off the steam at three-quarters of the piston- 
stroke, the valve having no lead. 

Make a similar sketch allowing the valve to have ^ inch lead. 

Make a similar sketch showing how to find the position of the 
crank-pin when the port opens for the lead. 

Make a rough sketch showing how to find when the cut-off will 
occur when the amount of lap is given. 

What effect does giving a valve lead have upon the point of cut- 
op 



PART VII. 



FINDING THE WORKING RESULTS 
GIVEN BY A VALVE. 

Although Not Strictly within the line of duty of an 
engineer or engine driver, he is nevertheless sometimes called 
upon to find out how a valve of given proportions will dis- 
pose of the steam, or what proportions to give to a valve to 
accomplish certain results. 

This is Easy Enongh when either the travel of the valve 
or the amount of the lap, and the width of the port is given, 
but if the width of the port alone is given, and all the other 
elements are to be found, it becomes a more difficult problem. 

An engineer, however, is rarely called upon to solve the 
question from this stand point, which properly belongs to the 
draughtsman or engine designer, and which is therefore fully 
treated in a work by the author of this work, and entitled, 
^'Modern Steam Engines.'' 

If tho amount of valve travel is given, however, and the 
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math of tlie port is known (as it generally is in cases that 
*i^ presented to an engine driver), all the other elements 
^^y readily be found by the following constructions: 

THE ECCENTRIC. 

An Eceentric is the exact equivalent of a crank having 
we same amount of throw, as may be seen from Fig. 66, in 
^Wch the outer dotted circle represents the path of the crank 
*Dd the inner one the path of the center of the eccentric. 




Fig. 66. 

A small crank is marked in having the same throw as the 
eccentric has, and the motion given by this small ciank is 
precisely the same as that given by the eccentric whose cir- 
cumference is denoted by the circle. 

CODSiderinS the Motion of both the crank and the ec- 
centric, therefore, we may treat them precisely the same as 
two levers placed a certain distance apart, revolving upon 
the same center (the center of the crank-shaft), and repre- 
sented by their throw-lines. 
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Fig. 67. 
Pla|Tux for nudliijp the Proportlou ef % 911d9-TtilT«. 
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The YalyeTrayel and Point of Cnt-Off Being Oiren 

to Find the required amount of lap there being no lead, 
draw a circle equal m diameter to the travel of the valve, or 
what is the same thing, equal to twice the throw of the 
eccentric, and draw the line of centers B D, Fig. 67; mark 
on the line of centers a point R, representing the position the 
piston is to be in at the time the cut-off is to take place. 

Set a Pair of C!onipaSSes to represent the length of the 
connecting-rod on the same scale as the circle, B D represents 
the path of the crank, thus if the connecting-rod is three 
times the length of the stroke the compasses would be set to 
three times the diameter of the circle B D. 

A straight line from B to D and passing through the cen- 
ter C of the crank will represent the line of centers of the 
engine, which must be prolonged to the right suflSciently to 
rest the compasses on it and draw the arc y, which will give 
at H the position of the crank when the piston is at R, and 
the cut-off is to occur. 

"We have thus found that the amount of circular path the 
crank will move through from the dead center to the point 
of cut-off is from B to H, and as the eccentric is fast upon 
the same shaft, it will in the same time, of course move 
through the same part of a circle. 

One Half of its Motion will be to open, and one half to 
close the port, so that we may by means of the arcs at F get 
the point F, which i6 midway between B and H, and with 
the compasses set from B to F, mark from D the two arcs V 
and Y' whose distance apart will obviously be the same as 
from B to H. 

Then from V to V draw the line P, and from this line 
to the center C of the crank-shaft is the amount of steam lap 
necessary for the valve, while from this line (P) to D, is the 
width of the steam-port. 

Th^ Proof of the Dia^iti is as fQllQws; 
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Fig. 68. 
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When the crank is on the dead center, the center of the 
eccentric is at V, its throw-line being represented by the line 
from V to C, and the valve is about to open the port as 
shown in the figure. 

While the eccentric is moving from V to D, the valve will 
move in the direction of the arrow and will fully open the 
port, while the crank-pin will move from B to F. 

Then, while the crank moves from F to H, the eccentric 
will have moved the valve to the position it occupies in the 
figure, having closed the port and effected the cut-off. 

We have here found the amount of lap and the position of 
the eccentric necessary for a given point of cut-off when the 
latter is given in terms of the piston -stroke. If, however, 
the point of cut-off had been given in terms of the crank-pin 
position, we might find the required amount of lap at once, 
by simply drawing a line from the center B, the point to H 
where the crank-pin is to be when the cut-off occurs. 

From this line we could then draw the dotted circle G, and 
just meeting the line jp^ which would give the eccentric posi- 
tion. 

To find the piston position, the arc Y would require to be 
drawn by the same means as before. 

If the Valve is to have Lead the diagram may be con- 
structed as in Fig. 68, in which tlie circle has a diameter 
equal to the travel of the valve and the cut-off is to occur 
when the piston is at R and the crank at H. 

When the valve is at the end of its travel, and has fully 
opened the port, the eccentric will be at D, hence from D we 
mark an arc G distant from D to an amount equal to the 
width of the steam-port, and at its lower end V is the posi- 
tion of the eccentric center at the point of cut-off. Then 
draw a line P which will give at V the position of the eccen- 
tric when the crank is on the dead center, and the valve is 
open to the amount of the lead. The lap is obviously the 
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Figs. 69 & 70. 



KEY TO ENGINES AND ENGINE RUNNING. 157 

distance from the center C of the crank-shaft to the arc G. 

Wo HaT6 Here Found all the points necessary except 
the point at which the valve will open the port for the lead, 
uid this we may find hy setting a pair of compasses to the 
radius B H (or to radius V V, as both these radii are equal), 
«id from V as a center, mark at A an arc, which will give 
the crank-pin position at the time the port first opens for the 
lead, or in other words, it will give the position. The proof 
of the construction is, that if we set the compasses to the dis- 
tance between the crank-pin position on the dead center and 
the point of cut-off (or from B to H), we may apply the com- 
passes to the points V V, which represent the eccentric posi- 
tion when the port is opened to the amount of the lead, and 
when the cut-off occurs. 

If the Point of Cut-oflP only is to be found, we mark 
from C, Fig. 69, an arc G representing the amount of valve lap 
and an arc S representing the lead. A line P gives the 
eccentric position when the crank is on the dead center at B, 
and a hne m from G, gives at V the eccentric position at the 
point of cut-off. Then with the compasses set to the points 
V V, we may mark from B an arc, locating at H the posi- 
tion of the crank at the point of cut-off, and from this with 
compasses set to represent the length of the connecting-rod 
on the same Bcale as the circle represents the path of the 
crank, we may, from a point on the line of centers, mark an 
arc Y giving at R the piston position at the point of cut-off. 

When, therefore, the lap is given, we mark it from the 
center C of the crank-shaft, and find the other elements from 
it, whereas, when the lap is to be found, we mark the width 
of the port from the end D of the valve travel, and find the 
other elements from that. 

A Proof of all the constructions is given in Fig. 70, in 
which the letters of reference correspond to those in the pre- 
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vious figures, and the positions of the parts are marked in 
degrees of angle. 

To Find the Piston Position at the point of cut off, 

measured in inches, of the piston-stroke it must be borne in 
mind, that as the circle B D represents the full travel of the 
valve, the diagram gives all the positions of the eccentric and 
valve full size, but that as it represents the crank path on a 
reduced scale, therefore we must multiply the measurement 
on the diagram by that scale. 

Suppose for example, that the piston-stroke is 10 inches, 
and the valve travel 2^ inches, and the circle being 2^ inches 
in diameter, is when considered with relation to the eccen- 
tric motion, full size, but when considered with relation to the 
piston or crank motion, it is only ^ the size, hence to find the 
piston position at the time of cut-olf, we must multiply the 
distance, from B to R, by 4. 
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(QUESTIONS WHOSE ANSWERS WILL BE 
LEABNED FROM PAST TUL 



^at are the circumstances that render the running of a locomo- 
tive more arduous than running a stationary engine? 

Wliat is the first thing to he done when getting a locomotive ready 
for a tripf 

y^^iat is likely to have happened if the steam has condensed in 

the boiler f 

what effect is likely to exist in the safety-valvef 

irAa< should he done before laying the fire? 

H' w long should the wood burn before putting on coalf 

How much coal would you feed at a time? 

How deep would ycu make the first layer of coalf 

What is ^^banking^^ afire? 

How would you start up a banked fire? 

Wliat examination of the engine would you make before starting 
on a trip? 

What points would you move after having oiled the engine? 

What points require examination when oiling the engine? 

Where would you place tallow in oiling the engine, and for what 
purpose would you use it? 

What would you do if steam was rising too rapidly? 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEARNED FROM PART TIIL 

CONTINUED. 

What IS the first thing to do when the engine is to he started? 

Where should the link be when starting the engine? 

Why should the steam pressure he kept up^ and what diffefrenct 
does it make in the consumption of the fuel? 

Can steam he made quickest with a large or with a small quantity 
of water in the boiler f 

Can a guage-ghiss alone be relied upon to give the true water 
level? 

Which is the bestj a constant or an intermittent boiler feed? 

Wliich is the best, heavy firing at long intervals or light and 
frequent firing, and why? 

When is a pump likely to show defectiveness? 

What would you do if the cylinder cover got knocked out while 
on the road? 

What would you do if the piston-rod got hot? 

What if the piston-rod broke? 

What if the crank-pin broke? 

What if a wheel tire came off? 

What if a driving wheel came ff? 

What if a spring or spring hanger broke? 
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QUESTIONS WHOSE ANSWERS WILL BE 
LEABNED FROM PART VOL 

CONTINUED. 

In what position should the engine he placed lohen the axle-hex 
wedges are to he adjusted for fit to the pedestals? 

Bow would you find out whether or not the amount of clearance 
was equal at the two ends of the cylinder? 

What is it that, as the engine wears, tends to alter the amount of 
the clearance? 

Why is it best to have a constant boiler feed? 

What is the object of charging one side of the fire at a time? 

^hat would you do to keep up the fire after the steam was shut 
op 

How would you get the distance from center to center of the 
crank-pins when adjusting the axle-boxes and the side-riAs, 
parallel-rods or coupling-rods as they are jrromiscuously termed? 

Why are nuts more liable to come loose on locomotives than upon 
other engines? 

What is the object of hanking the fire? 

Which causes the most clinker, a rapid or a slow combustion of 
the coal? 

What is it a sign of when the safety-valve ts steadily blowing off 
steam? 

M 
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PART VIII. 



LOCOMOTIVE RUNNING. 

Th6 Engineers Dnty ^^ running a locomotive is more 
arduous, and requires more watchfulness than any other 
engine running because of the peculiarities attending it. In 
the first place, the jolts and jars to which the engine is sub- 
ject are liable to cause nuts, pins, etc., to come loose, and 
some of the parts to become disconnected and cause a break 
down of the engine. 

This renders necessary a careful examination of the engine 
which should be made both before and after each trip. 

In the second place we have that the amount of load the 
engine has to pull varies with every varying grade in the 
railroad track, and the variation is so great, that on some 
descending grades the engine may require no steam whatever, 
while on ascending grades the utmost power attainable from 
the engine may be required. In firing, feeding the pumps, 
oiling the parts, and determining the depth of water in the 
boiler, the grade and the length of each grade has an impor- 
tant bearing, and so has the weather, since it is clear that 
l^etweeo the beat gf summer and the blizzards of winter, 
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^^fore Laying the FirO the firebars and ash-pan should 
^ cleared of ashes and clinkers, and the grate-bars tried with 
^^^ shaking levers to see that the grates will shake properly. 

** should be seen that the tubes, etc., are clear of ashes. 

In LayinfiT a New Fire an ample supply of lighting 
^^terial should be used, disposing it so that the fire will 
^ght evenly and not in spots, and a good layer of wood 
^Aould be evenly distributed over the bars, the thinnest pieces 
*^ing at the bottom as it will light easiest, and it is necessary 
^•o light the fire at the bottom so that the heat from the wood 
^tat is first lighted shall pass through that to be lighted. 

The wood should be kept burning without coal until the 
lower stratum has ceased to blaze and covers the bars, while 
there is an even layer of blazing wood above it. 

The quantity of coal to be fed at a time, and the depth of 
fire to be kept, depends upon the size of the coal, because the 
larger the coal the less it obstructs the draught, and the 
thicker the layer required in order to prevent currents of air 
from passing through without entering into combustion with 
the gasses from the coal. 

If the coal is mixed containing large lumps they should be 
broken. 

The first layer of coal should be enough to cover the fire 
to a depth of about two inches, which will permit of a good 
draught. This will get well alight while the wood is still 
servicable and a second layer may be applied of another two 
inches. The third feeding should be given with a view to 
have a greater depth of fire at the sides, than at the middle 
of the fire-box, because the cool sides of the box prevent per- 
fect combustion, and currents of cold air are more apt to find 
their way through the sides than in the middle of the fire-box. 

Banking a Fire consists of piling it up at the back half 
pf th© flre-bg:^ and Qovering it up with green coal, so th^t it 
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may keep alight, and keep the boiler hot without incieafflB|p^^ 
the steam pressure. 

Tlie air passing through the uncovered half of the fire-\)ail 
prevents rapid combustion and a dead fire is maintained. 

In Starting np a Banked Fire the first thing to do is 

to clean it of ashes, clinker, etc., shaking up the bars to b» 
that they will work properly. The fire is then spread evenly 
over the bars, and wood fed to enliven the fire and promote 
the draught. 

The blown or blast pipe is then set going, and coal gradually 
fed a little at a time, evenly distributed, covering those parts 
the most where the fire bums through the most brightly. 

A Steady Fire is better than one that is forced, because 
the combustion is more perfect and less clinker is formed, 
hence less cleaning will be necessary, and the fire done wiU 
not be kept open so long to let in cold air. This is important 
because a steady temperature in the fire-box promotes its 
durability, as well as giving an uniform boiler pressure. The 
strains placed before a fire-box by a fierce fire, suddenly cool- 
ed by a heavy charge of coal or of cold air from an open 
fire door are highly destructive. 

Furthermore, the greatest economy of fuel is attained by 
keeping the boiler pressure up, and using the steam expan- 
sively by hooking up the links to shorten the point of cut-off. 

A Safety-Talve steadily blowing off steam, whether the 
engine is running or not, is a sign of bad firing and waste- 
fulness. 

It is the Firemans duty to attend to the fire, but never- 
theless a careful engineer will be as much interested in proper 
firing as in his own duties, and as the engieeer has more 
experience than the fireman he is warranted in exercising an 
ordinary supervision on the firing, which will be welcome to 
an earnest or ambitious fireman. 

The Encrin^^er should Examine with a wrench m hand 
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fte bolts and nuts about the trucks and axle boxes, as these 
•re apt to become loose and come off on the road, a proper 
construction would remedy this defect almost entirely, and 
Ij a proper construction is under the more frequent emyloy- 
Dient of split pins, colters, and other similar safety appliances 
now omitted for the sake of economy of manufacture. 

Nothing in the future of the locomotive is more certain 
than improvement in this respect, and nothing is more urgent- 
\j needed, as any engineer will become satisfied if he will 
gather up along a mile of ordinary railroad the nuts and 
washers that lay along the track. 

The Eccentric-Straps and the pins in the link-motion 
require an examination, which may be done while oiling the 
parts of the engine. 

The Oiling requires careful attention; first the cups 
themselves sometimes become loose, an argument in favor 
of having, wherever possible, the cups solid on the parts, as 
done in European practice. 

Oil Holes are apt to get choked by gumming, which is 
that the oil in time forms into a brown gumming substance 
that fills the oil hole. Perfect lubrication does not imply 
wasteful lubrication by any means, but a wasteful use of oil 
is probably less expensive than insufficient lubrication. 

A Tboronsch Eugineer will use no more oil than is 
necessary, he will leave nothing to conjection or chance, but 
know from personal inspection that his engine is in complete 
working order, and to this end the lubrication of the working 
parts is a vital element. 

After having oiled the eccen tic-straps the link-motion and 
the reversing gear beneath the engine, the reversing lever 
and the parts above the frame must be oiled, and the revers- 
ing lever moved back and forth several times from end to end 
of the sector, or quadrant, so as to distribute the oil through- 
out the joints and working surfaces, 
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The Axlo Boxes require careful attention in oiling. la 
English practice tallow is packed in the corners of the cavities 
of the top of the box, so that if the box should begin to 
heat the tallow will melt and afford extra lubrication with a 
heavier lubricant than usual, which will often stop the ^Ih 
heating. 

The connecting and coupling rods then require attention, 
the cups being filled, and the lubrication adjusted. 

When steam is up the guage glass should be blown through 
again, and it will be found that the water stands higher i^ 
the glass than it did before the boiler was under pressure. 

The packing of the piston and of the pump glands, if tb^ 
engine has pumps, should be known to be properly set upf 
bearing in mind that a leaky pump gland lets air into th^ 
pump and impairs its action. 

The sand box should contain dry sand as wet sand will noC^ 
feed properly. 

If steam is raising too rapidly close the lower damper to 
reduce the consumption of fuel and save blowing off steam 
through the safety-valve, which should always be avoided as 
much as possible. 

Before starting the engine, open the cylinder cocks and 
keep them open until the sound discloses that dry steam and 
not steam and water is issuing. 

Open the throttle enough to start the engine early and not 
with a pump, and be prepared to shut off steam instantly if a 
blow in any part of the engine should indicate an obstruc- 
tion to its working. 

In starting a train the reversing lever is put in the end 
forward notch and the cylinder cocks opened. Then the 
throttle is opened a little at first, so as to avoid starting with 
a violent shock that might break the couplings. 

If in starting (or in ascending gradients), the wheels are 
formed to slip, the sand lever should be operated, a slight 
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sprinkling of sand serving better than a heavy one. If the 
Band is damp it will fall in lumps and not distribute evenly 
as it should do, while at the same time a great deal more 
and will be found necessary. 

When th© Train is fairly under way the aim should be 
to maintain full boiler pressure, so as to keep up the required 
speed with the links hooked up to work the steam as expan- 
sively as possible, bearing in mind that the higher up the 
links are hooked the more expansively the steam is used, and 
that therefore less steam is used to do the work and the 
boiler pressure can be kept up easier. 

To understand this clearly, let it be supposed that the 
steam pressure in the boiler is 90 lbs per square inch, and 
that the piston area is 400 inches, and the total pressure im- 
pelling the piston will be 36,000 lbs, if this follows the piston 
for 22 inches the power becomes 792,000 inch lbs per stroke. 

Now suppose the pressure is 150 lbs per square inch, and 
this multiplied by the piston area (400) gives 60,000 lbs im- 
PeUing the piston, and this would require to follow the piston 
^ut 13 inches in order to give 792,000 inch pounds. In the 
One case we have 22 inches, and in the other 1 3 inches of the 
cylinder to fill with steam. Of course it will take more fuel 
tinder the heat of firing to keep the pressure up to the 150 
lbs, but on the other hand, when the steam is cut-off in the 
cylinder there will be 160 lbs per square inch in it, and all 
the work that this does in expanding is gain during the rest 
of the stroke, so that the required amount of power would be 
obtained by cutting off earlier than at 13 inches 

The water should, under ordinary conditions, be kept at an 
uniform level in the boiler. Steam can of course be made 
quicker with a small than with a large quantity of water, but 
the smaller the quantity of water the more the steam pressure 
is liable to fluctuate, and the closer the finng must be attend- 
ed to. 
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Furthermore^ the More Water there is in the Boiler 

the greater the safety, because the longer the boiler can go 
without feeding and if the pumps or injectors, as the case 
may be, should act imperfectly, there is more time to get 
them working properly. 

In Testing the Water Level the gauge-glass alone is 

not to be entirely depended upon, hence the gauge-cocks 
should be opened. The water should not be allowed to go 
below the middle gauge-cock. 

It is obvious that when the water is below a certain gauge 
cock, the gauge-glass only can give any information as to 
how far it is below it, hence it must be used for this purpose. 

When Using it it should be blown through by opening 
its lower cock, and if there is any doubt about its showing 
the proper water level it should be blown through two or 
three times, watching the level of the water in the glass at 
each trial. 

A Constant Boiler Feeding is the best, as it is more 

conducive to a uniform boiler pressure and temperature. 

The Fire should be fed in small charges, the fire door being 
kept open as little as possible, because a high temperature in 
the fire-box is necessary to perfect combustion. If heavy 
charges of coal are given at once, then for some time the 
fire-box will be cooled, and then as the fire burns through a 
fierce heat will be generated. This alternate heating and 
cooling is very destructive to the fire-box and the tubes, as it 
causes an expansion and contraction that racks the joints and 
seams. 

There are Several Ways of firing, each having its ad- 
vocate upon the following points, however there is no dis- 
pute. First a slow combustion is the most perfect because 
it produces less clinker, which saves fuel and also saves 
a large amount of fire cleaning and therefore of admission of 
cold air to the fire-box. A high temperature is necessary to 



I 
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combustion and the temperature of the fuel is most difficult 
to keep up at the sides of the fire-box. 

By Light and Frequent firing the bright fire will 

never be covered up, hence the temperature will be main- 
tained. This favors an even distribution over a large surface 
of the fire of each shovelful of coal. But if at any point the 
draught is lifting the fire, and small bright pieces of fire are 
lifting up, it is an evidence that the fire is thinnest there or 
else that the bars are cleanest there. In either case an extra 
amount of coal is required at that spot. 

Some engineers will charge one side of the fire-box lightly 
and then the other, this being done so as to keep up the tem- 
perature in the fire-box. Others will fire first the front and 
then the back of the box, which answers the same purpose, 
but in no case should the charge be heavy. 

A fireman may become so accustomed to the road and his 
engine, that under some conditions he may fire when he 
reaches certain points on the road, regulating it like clockwork. 

On a Trip from Philadelphia to Reading on an engine 
having a Wooten fire-box (whose especial feature is a large 
fire-box, which enables slow combustion), the firing was con- 
ducted as follows: 

The fire was not fed or touched until just before reaching 
Bridgeport, 18 miles from Philadelphia, when a thin layer of 
coal was spread evenly on the fire. Eleven miles were then 
made without opening the fire door, the next firing taking 
place just before reaching Phcenixville. 

Ten Miles were run before the next firing, which occurred 
just before arriving at Pottstown. 

The next firing occurred at Borden boro three miles from 
Pottstown. The remaining 8 miles were made without firing. 
The steam pressure did not vary more than 1 lbs per square 
inch during the trip. 

On a Trip from New York to Philadelphia by the 
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lightning express train the firing was conducted as follows: 
The coal was anthracite and in lumps from 5 to 7 inches 
in diameter, at one end it reached up to the level of the 
fire door while at the tube-plate end of the fire-box it was 
about 6 inches deep. 

The Grate-bars were constructed to shake in three sec- 
tions, and siiaking the bars to clear out the fire caused it to 
feed forward of itself, and the combustion of the coal caused 
it to break up into lumps about 2 inches in diameter at the 
tube-plate, where the fire was much brighter than at the 
fire door end. The steam pressure varied about 10 lbs. 
during the trip. 

We Now Come to the best times to fire, to feed and to 
oil the valves, and this depends on the level of the road. 

On a level road these matters could be attended to with 
regularity, but as the engine has most work to do in ascend- 
ing inclines, it is necessary Xo prepare for such emergencies. 

First by having a good fire prepared, so that the fire door 
may be kept closed as much as possible while the engine is 
ascending, second, by having plenty of water in the boiler so 
as to keep steam, without feeding any more than possible, 
when the engine is calling for more steam by reason of the 
reversing lever being put over towards full gear. 

The speed is kept well up before reaching the incline, and 
the reversing lever moved forward a notch or two at a time 
to maintain the speed, while at the same time moving the 
sand lever to feed the sand as soon as the engine speed shows 
signs of reducing. 



PUMPS AND INJECTORS. 



A Defective Pump is likely to show its defectiveness when 
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t^he engine is running the fastest, because the water is not 
«3rawn fast enough to follow the pump plunger. The inject- 
or therefore is more to be relied upon for fast speeds. 

If the engine has both a pump and an injector the pump 
may be used for ordinary feeding, and the injector used to 
supplement the pump in case of deficiency. 

When steam is shut off the draught of the fire is reduced, 
Lence the water pumped into the boiler has an increased 
effect in reducing the pressure. This may be compensated 
for by starting the blower to keep up the draught. 

But the boiler feed should be regulated to render unneces- 
sary heavy feeding with the steam shut off. Another point 
to be considered is that the injector increases the temperature 
of the feed water, whereas the pump does not, hence the 
injector is preferable when the pressure is low, or should 
heavy feeding become necessary. 

ACCIDENTS ON THE ROAD. 

The Accidents to which the locomotive is most liable 
when running upon the road, and the course to be pursued 
by the engineer to enable him to take the engine to the depot 
or complete the trip, are as follows: 

Knocking Ont the Front Cylinder Head or Coyer. 

This arises from various causes, such as a breakage of a 
connecting-rod strap, or of a piston-rod or cross-head. It is 
the practice of some locomotive builders to cut in the cylin- 
der-cover flange a small groove close to the part that fits the 
cylinder-bore, so that the cover shall break out in the form 
of a disk, leaving the cover, flange, bolts, and nuts intact, and 
dimishing the liability to break the cylinder itself as well as 
the cover 

The Proyislonal Remedy for this accident is to take off 
the connecting-rod (on the side of the broken cover) and also 
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the valve motion, either at the rock-shaft arm or by taking 
down the eccentric-rod straps. Then place the valve in the 
center of its travel so that it shall cover and enclose both the 
cylinder steam-ports and leave the exhaust-port open. Then 
pinch the back toward the cars as far as possible and go 
ahead with the other cylinder. 

Heating of Piston-Rods. This the engineer can often 
discover by sight, or by smelling it from the cab. The rem- 
edy is to stop the engine and slack back the gland until the 
steam from the engine cylinder leaks freely through the pack- 
ing. Then apply a little extra lubrication or water while 
running slowly. 

If the Piston-Bod Breaks, but does not knock out the 
cylinder-head or cover, pursue the same course as directed 
for breaking the cylinder-cover, taking the additional 
precaution to block the piston, which may be done by fitting 
pieces of wood between the guide-bars, making the pieces 
long enough to fit between the cross-head and guide-yoke. 

The cylinder or waste-water cocks on the side of the acci- 
dent must also be opened, to prevent any leakage of steam 
past the slide-valve from getting into the cylinder and driv- 
ing the piston against the cylmder-cover, and breaking the 
cylinder-cover or even the cylinder itself. 

If the Piston-Bod Breaks From the Cross-Head, it 

is safest to remove it from the cylinder, though this is un- 
necessary, if it be securely blocked, against the cylinder- 
head so that it cannot move, though steam may leak in on 
either side of it. 

The Breakage of Crank-Pins is a somewhat trequent 

accident, but seldom takes place on both sides of the engine 
at once. 

The Bemedy is to take off all the parallel or coupling-rods, 
and if it is the crank- pin on the driving-wheels which breaks, 
take off the connecting-rod also and securely block the cross- 
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head, disconnecting the valve motion as before directed, and 
opening the cylinder waste-water cocks. In the case of this 
accident occurring, it is absolutely essential to take off the 
parallel rods on both sides of the engine, or otherwise the 
crank-pins on the other side are apt to break. 

ThorwinfiT off a Wheel-Tire. In this case the best plan is 
to block the tireless wheel entirely clear of the track, which 
may be done by putting a block of wood into the oil cellar 
of the driving-box, and then tow the engine to the repair 
shop; for if the engine is run to the shop, and the wheel 
touches the rail, it will impair its diameter for the proper size 
of tire. 

Throwing Off a Driying Wheel. This is not a com- 
mon accident, but nevertheless, it sometimes occurs; they 
break usually just outside of the driving-axle box. In 
this case take out the driving-box and fit in its place a block 
of wood affording journal bearing for the axle. Let this 
block rest on the pedestal cap, holding the axle up in the 
center of the pedestal. Then secure the piston and discon- 
nect the valve gearing and open the cyUnder cocks as before, 
and the engine can be run slowly to the repair-shop without 
<langer of further accident, or, if convenient, it can be towed 
by another engine. 

Breaking a Spring or Spring-Hanger. Lift the en- 
gine with the jacks until the driving-wheel axle-box is about 
in the center of the pedestal, and put any convenient piece 
of iron across the top of the driving-axle box and be- 
tween it and the engine frame, thus taking the weight of the 
engine on the frame instead of on the spring. Place also a 
block of iron between the end of the equalizing bar and the 
top of the engine frame, so as to prevent the movement of 
the equalizing bar and to allow the spring at the other end 
of the equalizing bar to operate without moving the said bar. 
every engineer should carry in his tool box pieces of metal 
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suitable for this purpose because this is a frequent accident 
It does not, however, materially affect the working of the 
engine, and should not delay a train more than a few min- 
utes. 

Bnrsted Fines and Tubes. These are usually plugged 

by tapering a piece of pine wood and driving it into the 
bursted tube by means of an iron bar. Taper iron plugs are 
often carried, and then driven into the end of the tube after 
the wooden one has been driven in. To enable this job to be 
done, it is necessary to thickly cover the fire with green coal, 
which operates to cool the tubes and prevent the loss of 
the water in the boiler. Sometimes careful engineers pre- 
pare for use pine plugs turned slightly taper and a little slack 
for the inside of the tube. In case of leak, this plug is in- 
serted in the flue, and driven along it until it covers the frac- 
ture, the expansion due to its saturation causing it to become 
locked in the tube. 

Slipping of Eccentrics. Place the reverse lever in the 
forward notch of the sector. Place the crank on its forward 
dead center, as near as can be judged by the eye, and loosen 
the set-screw of the forward eccentric, that is to say, the eccen- 
tric which connects to the upper end of the link. Move that 
eccentric round upon the axle until the slide-valve leaves 
the steam -port at the front end of the cylinder open to the 
amount of required valve lead. In moving the eccentric 
round upon the shaft, move it in the direction in which it will 
rotate when the engine is running forward, so as to allow for 
and take up any lost motion there may be in the eccentric 
straps, in the eccentric rod-eyes and bolts, and in the other 
working parts of the valve-gear; for if the eccentric was 
moved backward, all such lost motion would operate to viti. 
ate the set of the valve. The eccentric being placed as direc- 
ted, fastens its set- screw securely. 

If tlie Backward Eccentric is the Loose One, throw 
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Jie reverse lever to the backward no:ch of the seoi^-r. lii'iLg 

Jie link up so that the eccentric connected i t*> ihr- 1- 'Ter end 

>f the link may be approximatelr a-ijusie^i l-y ::.. ■vii.i: :: 

ux>und upon the axle in the direction in which it will r^.'t^re 

Bvhen the engine is running backward, until the li&ok cyl::.- 

ier port is open to the amount of the valve leaid. Anotht-r 

very ready plan of temporarily adjusting the ev>?en:rios, is as 

follows: Place the reverse lever in the end notch forwar-i. 

and place the engine-crank or driving crank-pin as near on a 

dead -center as the eve will direct and or»en l>:»th tbe cv.intier 

waste-water cocks. Then disconnect the slide-valve spindle 

from the rocker-ann, and move the slide-valve s; 'indie until 

the opening of the cylinder steam -port. corresp-»n.iinjr to tiie 

end of the cylinder at which the piston stands, will i-e shown 

by steam blowing through the wafte-waier co<.*k a; tiiai end 

of the cylinder; the throttle- valve being opened but a trifle. 

to allow a small steam supply to enter the steam-chest and 

cylinder, for if much steam is adiritted, it may pass through 

a leak in the piston and blow through both tne waste-water 

cylinder cocks. 

The Position of the Yalre Being Thus Determined 

the eccentric must be moved upon the driving-axle until the 
valve-spindle will connect with the rocker-arm without l»eing 
moved, or moving the valve at all. 

Hot Axle-boxes, If iiot convenient to reduce the speed 
of the engine, or if that and free lubrication do not cool the 
box, a plentiful supply of cold water should be administered, 
it being well to have at hand a small hose-pipe, by means of 
which water from the tender-tank can be used. If the 
brasses have Babbitt-metal in them and it should melt, it is 
better, if possible, to cool the axle-box while the engine is 
moving, which will injure the journal less than if the journal 
is stopped to cool the box, because in the latter case the 
brass or box is apt to become soldered to the journal of the 

N 
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axle, and when the engine is again started, the cutting or 
abrasion will recommence with extreme violence. 

Breaking a Llftiiu;-Llnk or the Saddle-Pin that con- 
nects the slot-link to the reverse shaft. Cut a piece of wood 
and tie it into the slot of the link over the link-block or die, 
making it of a length to keep the link m the position for 
hauling the train. Then fasten another piece of wood in the 
link-slot beneath the sliding-block or die, thus securing that 
die in the proper position for the engine to go ahead. In 
this case, the engineer must be careful in stopping, as he can 
not reverse the engine on the crippled side. 

Secondary Aeeidents are Almost sure to Oecnr if a 

disconnected piston is not securely blocked in the cylinder, 
or from blocking the piston aright and attempting to let the 
slide-valve run, or from attempting to run with the parallel 
rods on one side only disconnected. There are numerous 
accidents, which only common sense and a familiarity with 
the locomotive can provide a temporary remedy for, but 
those here enumerated are by far the most common. 

ADJUSTING THE PARTS 
OF A LOCOMOTIVE. 

When the Wedges of the axle-boxes are to be adjusted 
for fit to the pedestal shoes the engine should be moved until 
the coupling-rods on one side of the engine are in line with 
the piston-rod, because in this position the rod will, to a 
certain extent, act as a guide in keeping the axles parallel to 
each other, and at a right angle to the line of engine centers. 

Bear in Mind that the distance from the center to center 
of axle-boxes must be the same as the distance from center 
to center of the crank-pins, and that when the coupling or 
side rods are in line with the piston-rod they act to resist the 
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aile boxes from being set up too cloBe together. 
The ImportADCe of a proper adjustment of the axle- 




boxes, coupling-boxes, and coonecting-roda cannot bo over 
estimatedj and it is necessary therefore, to explain it thorough' 
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ly. In Fig. 71 then s s represent two wheel axles whose 
boxes are between the slioes V V/ at S S' are the wedges 
for selling up the the shoes or wedges w and w' respectively. 
The axles are shown on the line of centers C C of the engine 
the piston being at the head-end of the cylinder, and the 
crank-pins on the line of centers as denoted by the smali 
black circles. The wedges W and W are shorter than the 
leg of the j)edestal so that they may be set up by the set 
screw 8 and 8' and take up the wear. 

In Some En^nes the wedges Y and V are also short- 
er for the same purpose. Now it is clear that setting up the 
screws S and S' will move the axles s s' to the left, and this 
will alter the clearance between the piston when it is at the 
end of the stroke, and the cylinder-cover. 

It is clear that the distance between the centers of the two 
axles must be the same as the distance between the centers 
of the two crank-pins, or else the frame will be subjected to 
a great strain, tending to break the crank-pins and the side 
rods. 

In Order to Keep the clearance equal and to know when 
it is equal, it is necessary, at some time when the cylinrder- 
cover at the head-end is off, to disconnect the connecting-rod 
and push the piston clear up against the left-hand cylinder- 
cover, and f loni the cross-head as a guide make on the side 
of the guide a line L'. Then put on the cylinder-cover at 
the head-end and push the piston up againit it and mark a 
line L. Then when the connecting-rod is put on again the 
wheels may be moved around if the engine is jacked up, or 
if not the engine may be moved along the rails with a pinch- 
bar and the clearance will be equal when the cross-head (at 
the ends of the stioke) comes within an equal distance of the 
respective lines L' L when the crank is on the dead centers, 
and it is well to adjust the wedges W and W so that the 
cross-head does travel within an equal distance, and mark on 
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the guide-bar two more lines, one at each end of the bar. 

These lanes are a PermaneDt Onide in setting up tlie 

shoes or wedges, and lining up the connecting-rods and 
coupling or side rods, because it is clear that from the method 
employed in marking them the distance between the end of 
the cross-head, when at the end of its stroke, and the line L, 
and that between the face of the piston and the cylinder- 
cover will be equal. 

A Proper Adjustment, therefore, should be made as 
follows: The piston should be at the end of its stroke, the 
crank-pins being on the Une of centers. 

Screw S should be operated to set up the wedge W, taking 
up the wear of the sides of the box, and bringing the edge 
of the cross-head the proper distance from the line L. The 
connecting-rod brasses should then be set up to fit the pins, 
and the screw S' operated to set up wedge W to have easy 
contact with the side of its axle-box. If, however, there 
has been so much wear on the axle-boxes that they are still too 
loose between the wedges, both wedges may be set up to take 
up this wear, since it is more important to have the axle-boxes 
a proper fit between the wedges than it is to maintain an 
exactly equal amount of clearance at each end of the cyhn- 
der. 

The En^ne will then be in Proper Tram on this 

side, or, in other words, the distance from the center to 
center of the crank-pins will be the same as that from center 
to center of the axles. 

On the other side of the Engine the process is the 

same, the engine being moved until the crank-pins are on the 
line of centers C C and the wedges set up according to the 
lines. 

LOCOMOTIVE LINK MOTION. 

The Construction of a Locomotive Link Motion may be 
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nndentood from Fig. 72, ia which the crank is on &i M' 
center at B. 

Tlie forward eccentric is shown at F, its throw-line bdii| 
ghown at f. 




At G is the backward eccmm-ic wliose throw-line is ah( 
It e. The saddle-pin is shown at V. A suspension link ' 
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ctiDg it to arm p of the mr-i K'"^. jw a-^ S. t^uube Tgi:«r 
nnects to the rod K froEn zht ntT^rse jftTwr. 
B 6 is the line of cenMrs tf iL«? * tt r^* *- ? xii* r:«:k-fiia±: 
bose center is at C. arid rod B is zzit tiLt* nc. TTn* -n»."» 
shown to have opened tbe z<n A 'l^ isiS' uiiiaiu: ic :lii*^ 
ad. 

As the link is down to its Iot€9C piszaoL 3 » zl fxl .psa.^. 

In Some EnsiAM ^^ ***^ -^- *^ jj v.*r r:i!X-*r^kZ3L itmn** 

Blow the line of ceniers B :•_ iLis ix liiri- inz* x siihh* 

own to a line C C. and this i:«riE^ li* •saet. "lii*- ntd 



ms are not in line with e^cr. o»iL*r. i^ jc-w-et imt is^-rjisr 
bat is termed an off-set. 

It Will Be Sera that as tL* ecdecmr F i» "iiir :ils -sai 
in line with the lower end of ;» r^rk-*ikf: 4z*i :i lit* '"^> - 
)ck (which is pivoted on the yjw*r ^oi A izi^ r:t!X^iiAr: . 
irefore it is the acting ecce*L«K or ila; vla:l is j^rrr.T 
"ect on the rock-shaft. Wie:* tLe ^fri-zn-iiii'ic. 5s 12, frZ 
tr the action is almost pferaelj iLre saziK- as il:?!^ 1*: 
k motion was nsed. or in odier wcris. ^b? tuoK-iriii-nfi 
.t is furthest from the line of ceazers -if :!* rc^Tir^ ijs5 
rcely any influence upon tLe vaIve^!«J3oc;- 

fhe Aetill^ Eeeentric is when tLe '±ljl is pCawd ir. f^ 

if, that which follows the crank in the p*:?- cf re-r'.I::i::5L 
18 in the figure the link being in iz^ forward g<ear- :Lr: 
knk-pin B will move in tr:e direction of ir^e arrow. ar.d iLe 
»ntric F which follows the crank is iLe ac^g ^irccjeniric. 
If we were to loosen this eceenaic ani lirL ii u:x;n tLe 
ift the valve would be moved corTe?w>i.dir4rlT. but if we 
re to loosen eccentric E, we might move it aro'ind the 
ift considerably, and it would produce but a sligLt motion 
the valve. 

In Proportion As the link is hooked up. however, both 
{entries af.t on the valve, so that when the link is in mid- 
ir the eccentrics have an ei^ual effect in operating th^ 



184 KEY TO ENGINES AND ENGINE RTTNNISG. 

valve. If the link is moved to full gear Dackwaids, the 4 
centric t will have its rod broagbt up to the line oj 
and will become the acting eccentric, and as the cnnt * 
revolve in the opposite direction to the arrow, Iheiefon « 
centnc « will follow the crank. 

JOY'S VALVE-GEAR 
FOR LOCOMOTIVES. 

Joj's Talre-gear gives the engineer very little trooH"!!^ 
because it dispenses with the eccentrics. It£ coBstmctiooi*! 
shown in Fig. 73, in which R Is a section of the connection' 1 




Fig. 73. 
rod, which gives motion to an arm A pivoted at its outer end 
to a rod T whose outer arm is pivoted to a fixed joint. Ann 
A operates a lever L whose other end operates the valve- 
spindle. On tbe rigid guide is a block to which one end of 
the suspension link or link-hanger is pivoted, the other end 
being pivoted to the lever L. 

Fig. 74 represents a similar constntction, except that the 
adjustable point, wbicb is all that tli« en^pne driret needa to 
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em himself with, is in the application at opposite ends 

ae suspension-link. 

he application shown in Fig. 74 is for confined situations. 

ij Means of the adjustable poiut, the length of the 
pension-link can be altered and the lead adjusted. 
The parts are shown in the position they would occupy 
uen the crank was on the dead center, the pin at the left- 
end of the suspension-link being the center from which 



Fig. 74. 

the curve of the rigid guide is struck, hence supposing the 
engine to be at rest with the valve open to the amount of the 
lead, then the tumbling-shaft can be operated to move the 
guide-biock from end to end of the guide without altering 
the lead. 

But if the Lensth of Snspenslon-Link be altered, 

this will no longer be the case, and the lead will alter as the 
block is moved up the fixed guide to alter the point of cut- 
off. 

Obyiously Then In Adjusting the positions of the parts 

the crank must be placed on the dead center, and the adjust- 
able point 80 set that the valve will not be moved, if th^ 

block b^ mpy^d frQm tbQ Qud of tho fiiz^ed guide, 






PART IX. 



CONDENSING ENGINES. 

A. Condensing Engine is one in which tlie exhaust steam 
18 condensed, forming a partial vacuum on the exhaust side 
of the piston, which is done by either a jet or a surface con- 
denser. 

Tlie Action of a Common or jet condenser may be under- 
stood from Fig. 79, in which tlie pipe E conveys the steam 
from the engine cylinder to the condenser, into "which a jet 
of water is injected. 

The Water fails upon perforated plates, which sub-divides 
it, thus bringing it into intimate contact with the steam, and 
rapidly condensing it. 

Tlie Water of Condensation and the injection water 

mingle at F and enter the foot of the condenser at D. 

The foot valves are shown at V and V, the former being 
open and the latter closed. 

The pump bucket P is on the drawing stroke, while bucket 
P' is descending, hence the water is passing through it to its 
upper side, its delivery valve being at (;' and the discharge 
pipe at H, 
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The Action of a Surfoee Condenser may be understood 

from Figs. 76 and 77. A beam A receivmg motion from the 
engine cross-head works the bucket air pump and the circu- 
hiting pump. The condenser C has two compartments and 
is filled with thin brass tubes through which the circulating 
or condensing water passes, first through one compartment 
and returning through the other. The steam fills the body 
of the condenser, and the products of condensation is pumped 
out by the bucket air pump which is shown in section. 

In Some Enicines Used Abont Harbors what is called 

a pipe condenser is used. The exhaust steam passes into a 
pipe that passes out at the side of the vessel, extends around 
the hull, and enters at the other side, so that the sea water 
serves for the condensing water, all that is necessary, there- 
fore, is an air pump to draw out and discharge the air and 
gases from the pipe. 

The Simplest Form of condensing engine is represented 
in the Davy Safety Engine Fig, 77a. in which the steam is 
generated up to atmospheric pressure, and is condensed to 
form a vacuum on one side of the piston, which is driven by 
the atmospheric pressure on its other side. 

The Boiler is of cast-iron the part abov* and back of the 
furnace being cast in partitions, which serves the purpose of 
flues, giving the necessary heating surface, and which are not 
likely to be burned out or destroyed even if the boiler was 

fired without water. 

No Safety- Valve is used, but a hole of large diameter 
covered by a plug laid loosely over it, prevents the accumula- 
tion of more than one-quarter of a pound gauge pressure. 
Ordinarily the pressure in the boiler is just sensibly less than 
that of the surrounding atmosphere, so that the plug is held 
down by the pressure of the latter. Practically, however, 
the internal and external pressures are balanced, so there is 
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DO pressure whatever tending to either burst or collapse the 

boiler. 

The Snrface Condenser is a casting open at the top, and 

provided witb tubes in which the exhaust steam is condensed 
^e water and air being removed by a single-acting air pump, 
of the plunger type. The top of the condenser is above the 
^ater level in the boiler, and the over flow from the con- 
<ienser is at the top. The small head of water in the con- 
<ienser (above the water level in the boiler), is utilized for 
feeding the boiler as follows: Connection is made between 
the top of the condenser and the water space in the boiler, 
by means of a small pipe. In this pipe is a cock, control, 
led by a float in the boiler. When the water falls in the 
boiler the cock is opened, the water running in by gravity. 
When the water rises the cock is closed. The water level 
is thus automatically maintained without the use of a pump, 
or any attention from the attendant. A glass panel in the 
Bide of the boiler provides for observing the water level. 

The Condensing Water may be taken direct from the 

service pumps in cities, or, where this is not practicable, a 

small pump driven by the engine may be used for circulating 

the water. When the engine is used for pumping water, the 

water may be passed through the condenser. When water 

is scarce it may be used over and over, by standing long 

enough to cool: or the condenser may be located directly in 

a tank of water. 

The Engine is double acting, with diameter of cylinder 
suflBcient to give the rated power at a mean effective pressure 
of eight or ten pounds, which is easily maintained by the air 
pump. The cylinder is brass bushed, and the piston is of 
brass, no lubrication being required. The cylinder is steam 
jacketed around the body and at the ends. In general con- 
struction the engine does not differ materially from any 
small engine. 
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THE MARINE ENGIXE. 

A Mtrioe ElgillO requires more skill in handling, in pro- 
portion as its size increases, and its mechanisms therefore 
multiplied. 

Ih fll6 Smftll Su68 such as are used for Launcli Engines 
it is simply a non-condensing engine, with a link motion for 
varying the point of cut-off as well as for reversing purposes. 
Figs. 75 and 76 represent an engine of this class construc- 
ted by Chas. P. Willard & Co. 

The CylllMter is what is called * 'inverted'*, meaning that 
it is above the crank-shaft. 

The slide-spindle or valve-rod passes tlirough a guide and 
connects direct to the link-block or die, as it is sometimes 
called. 

The thrust-block is provided in the bearing of the crank- 
shaft and consists, as seen in the end view, of a series of 
collars on the crank-shaft bearing. 

A larger sized engine, and a representation of the class of 
engine used in the smaller sizes of coasting vessels is shown 
in Fig. 80, which represents a Compound Condensing Marine 

Q 
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Engine, in which the link-motions are employed to vary the 
points of cut-off of both cylinders, as well as to reverse the 
engine. The engine being small the power required to 
move the links is small enough to permit of their operation 
by hand, by means of ihe hand lever L, which is secured to 
its adjusted position on the sector T, by the small hand screw 
shown on the side of the lever. The lever L operates a shaft 
D which shifts both link-motions. The air and circulating 
pompB are at the back of the condenser, being operated from 
the beams B B', each beam connecting to rods r which con- 
nect to rods c, which drive air and circulating pumps. 

The steam from the high pressure cylinder exhausts Into a 
xeoeiver or chamber between the two cylinders, and from 
which the low pressure cylinder receives its steam. 

* -ihe exhaust from the low pressure cylinder passes into the 
condenser where it is condensed, leaving a partial vacuum on 
the exhaust side of the low pressure piston. 

A Marine with adjustable cut-off is shown in Fig. 81. 
The link-motion is here used for reversing purposes, and is, 
therefore, always in full gear either backwards or forwards 
as the case may be. The cut-off is driven from a small crank 
G operating an arm or lever, shown pivoted at one end, and 
as the point of connection on the lever is fixed, therefore it 
vibrates to a constant amount; the cut-off valve rod however, 
may be moved to connect at any required point along the 
lever, it being obvious that the further it is set from the piv- 
oted end of the lever, the greater the valve travel will be, 
and the later the point of cut-off. 

The Reyersing wheel actuates a worm gearing with the 
segment R, which is on the same shaft as the arm T, a rod 
from which connects to the link. 

The spindle of the cut-off valve is guided at its lower end, 
because the rod from the lever works at an angle. 

JL HfUlBO £llgill9 ^Qi^ W ocean going steamship of tbQ 
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l^r 



^^r sizes contains the following parts: 

^Ht The Power Transmitting Mechanism. 

. 2lid, The Talve Gear which includes a cut-off merlian- 
^^lu or variable cut-off. 

3rd. The Reyersing Gear which sometimes also servers 
^ the cut-off gear. 

tth. A Condenser with air and circulating pumps. 

5th. A Goyemor. 

Marine engines are made in the following forms: 

1st, With a Single or with two cylinders receiving live 
steam from the boilers, and these are called the high-pressure 
cylinders let the steam pressure be what it may. 

2nd. The Addition to the above of a low pressure cylin- 
der to each high pressure cylinder constitutes a Compound 
engine, 

3rd. Triple Expansion Ensrines liave in addition to 

the above an intermediate cylinder placed between the higii 
and low pressure cylinders. 

In ft Compound Engine the low pressure cylinder receives 
the steam that is exhausted from the high pressure cylinder 
and merely expands it further. 

In ft Triple Expansion Engine the intermediate cylin- 
der receives the steam that is exhausted from the high pn^s- 
8ure cylinder, and expands it further. The low pressure 
cylinder receives its steam from the exhaust of tlie intermedi- 
ate cylinder and exhausts into the condenser. 

There are two Principal Methods of compounding, in 

one of which the two cylinders are placed one above the other 
with their axes in line, and both pistons connecting to the 
same crank, while in the other the cylinders are side by side 
and each connects to its own crank, the two cranks usually 
bemg at a right angle. 
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Triple Expansion Engines usually have their crai:i ks 
J 20 degrees apart so as to be equally spaced. 

When in a Compound Engine one cylinder is placed 

above and in line with the other; both cylinders are jacket- 
ted, and the jackets are lagged to prevent cylinder condensa- 
tion.* 

TV lien the Cranks are at a right angle the receiver acts 
as a steam jacket. 

A Receiver is a chamber which is intermediate between 
the high and low pressure cylinders, and wiiich acts as a 
reservoir of steam for the low pressure or intermediate cylin- 
der, as the case may be. 

Each Cylinder Requires a Starting Talye (vtrhich is 

sometimes called an auxiliary valve or a bye pass valve) 
which is used to warm the cylinder before starting the engine, 
and also (when there is no vacuum in the condenser) to admit 
high pressure steam when the high pressure piston is on the 
dead center, in which case, there being no vacuum and no 
admission of steam to the low pressure cylinder, the engine 
would not have sufficient power to start. 

In some Cases the high pressure cylinder has no starting 
valve, the reversing gear being used to admit steam to one end 
or the Other of the higli pressure piston, and the starting 
valve being used to admit enough live steam to the low pres- 
sure cylinder to compensate for the absence of the vacuum. 

TV hen the Vacnnm in the low pressure cylinder is main- 
tained while the engine is standing still, its starting valve 
obviously need not be used, except for warming purposes 
before starting the engine; as soon, however, as the engine 
has started the starting valve must be closed. 

Each Cylinder is Provided with a relief valve both at 



*See page 37 ou Steam Jackets, 
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the top and at the bottom to relieve the cylinder from a heavy 
charge of water such as may occur if the boiler primes 

heaWIy. 

Each Cylinder is also PrOfided with drain cocks to per- 
mit of the escape of the ordinary water of condensation in 
the cylinders when the engine is started, and also for use if 
the boiler primes. 

The Low Pressnre Belief Talve also prevents the accu- 
mulation of too great a pressure in the low pressure cylinder 
which, from its large diameter, is not strong enough to with- 
stand high pressure. 

The Oiling Apparatus for the cylinders are arranged as 

follows: 

In Some Cases pumps, and in others automatic or self- 
feeding devices are used. Oil is fed to the steam pipe of the 
high pressure cylinder, and this lubricates both the valves 
and the cylinders, but in many cases it is also fed to the steam 
chest so as to afford more perfect lubrication to the valve. 

For the low pressure cylinder the oil is fed into the receiver 
and usually at a point near the slide-valves. 

Large Marine Cylinders are usually constructed with a 
separate lining, which may be replaced when worn or other- 
wise required. 

A Snrface Condenser consists of a cast iron shell or 
chamber forming the back of the engine frame (as in Fig. 77). 
At each end of this chamber is a short partition, so that the 
condenser is divided lengthways into what may be called 
three compartments, of which the middle one is the longest 
and contains a number of thin brass tubes about f or f inch 
in diameter, the ends of these tubes being held in the plates 
or tube sheets forming the partitions. The object of provi- 
ding tubes of small diameter is to obtain a large area of cool- 
ing surface. 
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The exhaust steam from the engine generally passes into 
the shell or body of the condenser, filling the middle partition 
and surrounding the tubes. 

The Condensing or Circnlatine: water passes through 

the tubes, and by keeping them cool condenses the steam and 
forms a vacuum or partial vacuum in the condenser, which, 
having open communication with the low pressure cylinder, 
therefore gives a corresponding degree of vacuum on the 
exhaust side of the low pressure piston. 

In some Doslsrns, however, the steam passes through the 
tubes, and the circulating water fills the middle compartment 
of the condenser. As, however, there is no pressure to 
counterbalance the weight of the water it is preferable to 
have the water inside the tubes, so that they are subjected to 
a bursting pressure, in which case they may for a given 
strength be made thinner, because the strength of the tube 
to resist bursting is greater than its strength to resist collaps- 
ing, hence the circulating water usually passes through the 
tubes. The chamber at the ends of the condenser permits 
the water to distribute through all the tubes. 

In some Cases the chamber at one end is divided horizon- 
tally into two compartments, so that the water is compelled 
to pass through one half and return through the other 
half of the tubes. 

The Water of Condensation falls to the bottom of the 

condenser, from which it is removed by the air pump, which 
delivers it to the hot- well. 

The Hot-well is situated on the side of, and extends 
above the pump, whose upper end it covers, thus water-seal- 
ing the top of the air pump and preventing air from passing 
into it through a leaky valve or bucket. 

The Top of the Hot-well is provided with a vapor pipe 
which permits the air and gases to pass overboard. This pipe 
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erges througli the side of the ship abov6 the water line, 
i as there is no valve between the hot-well and the sea uo 
dssure can possibly accumulate in the hot- well. 

The Boiler Feed is taken from the hot-well either by tlio 
ed pumps or by injectors, as the case may be. 

In ease the Boiler Feed should stop working, however. 

he hot-well is provided with a pipe of large diameter, and 
called the overboard discharge pipe, so that the water of 
condensation may not accumulate a pressure in the hot- well 
if the boiler feed ceases. 

This Orer-board Diseharsre Pipe is provided with a 

weighted valve (placed at the side of the ship) which is con. 
structed after the manner of a safety-valve, relieving the too- 
well of pressure if the water accumulates, and preventing 
the sea water from entering the hot- well 

To Prevent Loss of Fresh Water the exhaust steam 

from the various engines and pumps (if any) about the ship 
passes to the condenser and is pumped into the hot- well. 

In some Cases^ however, a separate and inde{)endent con- 
denser is used for the smaller engines about the ship. 

An Independent Condenser is one whose air pump and 

circulating pump are not worked from the main engine, and 
can therefore be operated when the main engine is standing 

still. 

If the Main Condenser is independent it may be started 
80 as to form a vacuum before the main engine is started, 
and thus obviate the use of the starting valve on the low 
pressure cylinder, except to warm the cylinder before 
starting. 

Feed Water for the Boilers when the engine is standing 
is obtained by a pipe from the bottom of the condenser, so 
that the water of condensation of steam blown through the 
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engine cylinders, and from the exhausts from the smaller 
engines about the ship, may be pumped or forced direct from 
tlie bottom of the condenser to the boiler. 

This Fe6d from the bottom of the condenser is necessary 
when the air pump is not working, and the water of conden- 
sation is not pumped into the hot-well. 

If the Water thus obtained is not enough to keep the 
boilers supplied, an auxilliary or salt water feed admits extra 
water from the circulating water to the inside of the conden- 
ser to supply the deficiency. 

This Secondary suction pipe is provided with a valve 
because it must be shut off before the engine is started. 

All the Drain Pipes from the cylinder pass into the 
condenser so as to save the fresh water. 

The Air Pump is usually worked by a beam, receiving 
motion from the cross-head of the low pressure cylinder. 

The Circnlating Pump.is usually worked by the same 
beam as the air pump, or receives its motion from some other 
part of the main engine. In some cases, however, an indepen- 
dent circulating pump is employed. 

It Receiyes its water from a pipe leading to the sea, which 
is provided with an injection cock or kingston valve, placed 
close to the side of the ship and well below the sea level. This 
valve is used to shut off the circulating water and prevent 
its flooding the ship in case of accident to the condenser or 
circulating pump. 

The Circnlatins: Water after passing through the conden- 
ser discharges overboard through the circulator discharge pipe. 

Tllis Pipe is also provided with a valve placed close to the 
ships' side, at or above the water level, so that the opening at 
the ships' side may be closed, and sea water prevented from 
entering the ship in case of breakage to the condenser, etc. 
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To Enable a Snrface Condenser to be used as a jet con- 
denser in case of accident to the circulating pump, a pipe 
leads from the injection cock of the circulating supply pump 
into the bottom of the exhaust pipe or column, where it enters 
the condenser. 

This Pipe is supplied with a spray or rose nozzle, which 
divides up the injection water and causes it to condense the 
steam as it enters the condenser. 

An Additional Pipe is sometimes added to the suction 
side of the circulating pump, for use in pumping out the bilge 
by means of the circulating pump in case of emergency, and 
also for pumping out ballast tanks when the vessel is provided 
with such tanks. 

An Air Valve is sometimes fitted to a reciprocating double 
acting circulating pump. It admits air to the water during 
the upstroke of the pump, and closes on the down stroke. 
The air thus admitted acts as a cushion to soften the shock 
of the water. 

A Sniftlng (or snifter-valve, as it is sometimes called), is 
a valve fitted to the condenser and that opens upwards to 
permit of the discharge of the air and gases before the engine 
is started. It also serves to prevent any water from leaky 
condenser tubes from filling the condenser and flooding the 
engine cylinders. It is so loaded with dead weight that it 
opens automatically when the water in the condenser has 
reached a certain height and must be placed as low down on 
the condenser as possible, so as to receive the weight of the 
full height of the water in the condenser. 

Condenser tubes are made water tight in the tube plates of 
the condenser by wooden or sometimes paper ferrules, which 
fit the tube and drive into the tube plate. In other cases, 
however, the tube ends project through the plates and a 
rubber washer is placed on the end of each tube. A cover- 
ing plate is then bolted over the whole of the tube ends, the 
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holes in the covering plate being parallel for a short distance 
and then reduced in diameter so as to form a shoulder. The 
rubber rings compress and make a joint, and the shoulders 
prevent the condenser tubes from working out endways from 
expansion and contraction. The tubes are usually about ^ 
inch thick. 

A Blow-through valve is a valve attached to the casing 
or steam chest, and connecting by a pipe to condenser to 
blow out the air and gases that may have collected there 
when the engine is standing still, and that also connects to 
the exhaust port of the high pressure cylinder, so as to sup* 
ply live steam to the low pressure cyUnder in case the high 
pressure cylinder should get disabled. 

A Bucket Air Pump is one in which there is a valve 
or valves in the pump piston, hence the pump is single acting, 
drawing on the lower side of the piston and delivering on 
the upper, hence the capacity of the pump per engine revolu- 
tion is equal to the diameter of the bucket multiphed by the 
length of its stroke. The suction or foot valve is at the 
foot of the pump, and the delivery valve at the head. 

A Piston Air Pump is double actmg since it draws on 
each side alternately of the piston, one side delivering while 
the other is drawing, hence two suction and two delivery 
valves are required. 

A Plunger Air Pump is one in which a plunger is used 
in place of a piston, the delivery being due to the displacement 
of the plunger. 

An Air Pump Trunk is a hollow brass cylinder attached 
to or in one piece with the piston or bucket of the air pump. 
The rod which drives the piston passes through the trunk, 
and connects to a single eye at the bottom of the trunk. 

A Trunk Air Pump is necessary when the pump rod is 
driven direct from the crank-shaft, and therefore has suflB- 
cient lateral motion to push the pump piston sideways, which 
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would cause f liction and excessive wear to the gland that 
keeps the trunk tight. The delivery capacity of the pump 
is obviously diminished to an amount equal to the displacement 
of that part of the plunger that passes through the gland and 
within the pump bore, whereas in a piston pump the delivery 
capacity is only diminished to an amount corresponding 
to the displacement of the pump piston-rod. 

A Backet pump may in some cases be worked without 
either a foot or a head valve, since the bucket valve will an- 
swer for both m cases when the delivery water cannot pass 
back into the pump on the down stroke of the bucket. 

It will, however, be more efficient with the addition of 
either of them and most efficient with both. 

A bucket pump with a foot valve and no discharge valve 
would, however, suffer less from a leaky gland than if it had 
a discharge valve and no foot valve, because the air would 
on the descent of the bucket, and the opening of the bucket 
valve pass to the suction side of the bucket and impair the 
vacuum. 

Let the delivery valves be where they may, the foot valve 
will always have some water above it, and the pump bucket 
will dip into this water and on lifting produce a vacuum that 
will cause the pump to fill with water, notwithstanding that 
the gland may leak air on the other side of the bucket, 
this air will, in a single acting pump be expelled with the 
water, but in a double acting pump it will impair the vacuum 
and therefore the suction on tlie gland side of the piston. 

Baekot Air Pumps are provided with a valve or pet-cock 
on the top or delivery side of the bucket and above the buck- 
et, when the latter is at the highest point of its stroke. This 
valve opens on the descent of the pump admitting air to act 
as a cushion between the surface of the water and the deliv- 
ery valve, when the water is about to meet the latter. It 
obviously reduces the effectiveness of the pump, and in a. 
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double acting pump is inadmissible, because of its impairing 
the vacuum and the suction. 

This Valve also enables the engineer to know whether 
the air pump is working properly. 

A Pet-Cock is also supplied to the feed pumps for this 
same purpose. 

A Bilge Injection is one in which the injection water is 
taken from the bilge, which may be done when the ship 
makes more water tlian the bilge pumps can get rid of. 

The Fittings necessary for a bilge injection, are a cock 
or globe valve placed on the side of the condenser, and at or 
near the foot of the exhaust pipe with a spray or rose inside 
tliat pipe. From the cock a pipe, usually lead, leads to the 
bilge, having at its end a strainer or strum, and care must 
be taken that this strum does not get choked and let the con- 
denser get hot from the exhaust steam not being condensed. 

The Water in the Hot- Well of a surface condenser is 
usually kept at a temperature of about 100° Fahrenheit. A 
higher temperature than 100° Fahrenheit injures the rubber 
valves of the air pump, while lower temperatures cool the 
engine cylinders too much and cause waste from cylinder 
condensation. Moreover it is obvious that since the boiler 
fecid is taken from the hot- well, it is desirable to keep it as 
hot as the valves, and as the desired degree of vacuum, will 
permit. 

An Air Vessel or air chamber is a vessel fitted to the 
delivery and sometimes also to the suction side of a pump- 
Its office is to maintain a steady flow of water through the 
pipes. 

Thus, in the case of the delivery air chamber, when the 
pump piston is travelling at a speed above its average for the 
stroke, the water accumulates in the air chamber, and the air 
is more compressed, while when the pump is on the dead 
center or at the end of its stroke and the delivery valve closeg 
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the air compresse<l in the air chamber continues the delivery 
or discharge, thus maintaining a more uniform flow. 

Pumps sometimes haye an air or vacuum chamber on 
the suction side from which the air is exhausted when the 
pump starts, leaving a vacuum which causes a steady flow of 
Water up the suction pipe. 

Both these Chambers are more effective as the speed of 
the pump increases. The chamber on the delivery side is apt 
to lose its air which is gradually absorbed by the water which 
should be let out when the pump is standing still. 

Feed Escape Valves or feed relief valves are fitted to the 
feed pumps, so that in case all the feed water cannot pass into 
the boiler it may pass back to the hot-well. 

The Construction of a Eeed Escape Valve is as follows: 

It is an ordinary mitre valve held to its seat by the compres- 
sion of a spiral spring, whose pressure upon the valve may 
be regulated by an adjusting screw, whose end abuts upon a 
stem provided for the purpose. 

In proportion as the valve is relieved of the pressure of 
til is spring, a greater proportion of the water delivered by 
the feed pump will pass back into the hot-well, hence the 
amount of boiler feed may be regulated by the feed escape 
valve, which also acts as a safety-valve, preventing undue 
pressure in the feed pipe. 

When no Feed Escape Valve is employed the delivery 

water from the feed pump must pass unobstructed to the 
boiler, or the feed pipes may burst from over pressure, and 
it follows that the feed check valve on the side of the boiler 
must not be restrained in its amount of lift, hence it must 
not have a lift-adju&ting screw. 

The Amount of the boiler feed must, in this case, be reg- 
ulated from the suction side of the pump, the suction pipe 

being fitted with a a cock or valve whose amount of opening 

p 
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may be adjusted so as to regulate the amount of water drawu 
per pump stroke from the hot-welL 

If the Feed Valve on the suction side, or the escape valve 
on the delivery side of the pump, as the case may be, is 
adjusted to permit of a proper amount of boiler feed, and 
yet the feed is insufficient or ceases altogether. It may occur 
from the following causes: 

1st. From the suction valve sticking or being choked, 
or from the delivery valve being choked and not seating 
itself, thus either letting the suction water pass back into 
the hot-well, or the delivery «vater pass back into the pump, 

2nd. Through leaks in the joints of the pump, or of the 
suction pipe. 

3rd. From the water in the hot- well being too hot. 

4th. Through the spring of the escape valve having be. 
come disarranged. 

5th. If two or boilers are connected and one has less 
pressure in it than the other it may take most of tiie feed 
water, Jor the water of the other may empty itself into 
it. 

Bilge Injection. The injection water for a common or 
jet condenser may be obtained in one of two ways, first, 
direct from the sea, which is that for ordinary use, and sec- 
ondly from the bilge, which is resorted to to assist the bilge 
pump in cases of emergency. 

The Necessary Fittings for a bilge injection are, a pipe 
leading from the condenser to the bilge with a cock at the 
condenser end and a strainer at the bilge end. 

This pipe should be fitted with a check valve, which opens 
by lifting upwards so that no water can pass down it into 
the bilge, or otherwise if the main and bilge injections should 
happen to be left open together, the water from the main in- 
jection might pass down into the bilge. This check valve 
should be so constructed that its amount of lift can be regu- 
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lated and as much as the bilge water used for injection as 
the circumstances may require. 

In the case of surface condensers the bilge water is drawn 
off by the circulating pump and used to supplement the main 
circulating water. The pipe from the bilge in this case leads 
to the suction side of the circulating pump and requires a 
strainer at the bilge end, a cock at the circulating pump, and 
a check valve. 

A Ships Side Air-Pamp Dischar^e-^YalYe is an ordin- 
ary dead weight mitre valve that opens to let the water pass 
out into the sea, but seats itself and closes if the water attempts 
to pass in wan Is. It differs from a common stop valve in be- 
ing weighted, .s,nd therefore self-acting. It requires to be 
hfted before starting the engine, as such valves are liable to 
stick in their seats. 

The C!oiirse of the main injection water of a jet condenser 
^s as follows: From the rose-plate or strainer, through the 
injection valve and pipe to the condenser, where it mingles 
with the exhaust steam and from which it is pumped with 
the products of condensation into the hot- well. From the 
hot-well it passes mainly overboard through the kingston 
valve, but that part of it used for the boiler feed passes 
through the suction pipe and valve into the pump, and thence 
through the delivery valve, pipe and check valve into the 
boiler. 

The Course of the main circulating water of a surface con- 
denser is through the kingston valve (on the ships side or 
bottom), and the circulator inlet pipe, either direct to the con- 
denser from which it is drawn by the circulating pump, or 
else it passes through it, and is forced through the conden- 
ser. It circulates through the condenser twice or thrice 
according to the construction, and is forced overboard by the 
action of the circulating pump passing through a valve on 
the ship's side or bottom. 
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ThO Adyantages of surface condensation are, 1st, that 
the feed water is obtained at a higher temperature than if in- 
jection water was fed to the boiler. 2nd., the feed water is 
purer and therefore less water requires to be blown out ol 
the boiler in order to keep it clean, 3rd., the boiler does not 
scale so much, hence iis heating surface is maintained more 
efficient, and 4th., the boiler suffers less from expansion and 
expansion strains when hot feed water is used. 

Snrfaee Condensers foul from the grease with which the 
cylinders are lubricated and from the salt in the injection 
water. The condenser is cleaned by the admission of soda 
with the exhaust steam and by washing out. 

A Condensing Engine has the following cocks or valves 

or cocks on the skin of the ship in the engine room. The 
main kingston valve for the injection or circulating water, the 
main delivery valve from the condenser, the bilge delivery 
valves, and the water service cocks for keeping the main bear- 
ings of the engine cool with streams of cold water. 

A Donkey Engine is a small engme used to feed the boiler 
and has the following connections: A steam pipe from the 
boiler to drive the donkey engine and exhaust pipe into the 
condenser, a suction pipe from the hot-well or from the sea, 
as the case may be, and a delivery pipe to the boiler, a suction 
pipe from the bilge so that the donkey pump can assist in 
pumping tlie bilge out, a suction pipe to the condenser to 
circulate the water when the main engines are stopped, and 
thus maintain the vacuum, and a suction pipe from the water 
ballast tanks to pump them out when necessary. 

Tlie ^PlpeS that lead from, or go to, the sea, are: Boiler 

blow-off pipe, sea injection or circulator pipe, condenser dis- 
charge pipe, and, in some cases, donkey-feed suction pipe. 

The Parts of an Engine that are generallv made of 
wrought iron, are those in which strength with a mimimum 
of weight and size is desired, for example, the piston-rod^ 
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cross-head, connecting-rod, crank-shaft, crank, eccentric-rods, 
link-motion, valve-spindle pump rods, and all studs, bolts, and 
nuts. 

The Parts Generally made of Cast Iron are those 

where strength and rigidity are required, and which are diffi- 
cult to forge, while weight or size is of lesser importance 
Such as the bed plate, cylinders, pistons, condensers, and 
pumps. 

The Parts Sometimes Made of Steel are those subject 

to great wear, and for which strength with a minimum of size 
are necessary, as piston-springs, piston-rods, connecting-rods, 
cranks, crank-pins and valve rods. 

The Parts Generally Made of Brass are those subject 

to abrasion or corrosion, as the connecting-rod brasses, *the 
bearings for the crank-shaft, the pump plungers or pistons, 
and their rods, linings for the pump barrels or bores, the bores 
of the glands, the condenser tubes, and all cocks and valves. 

White metal or babbit metal is sometimes used in place of, 
or in connection with brasses, serving as an anti abrasion sur- 
face. It is easily renewed as it is cast into its place, but 
will melt and run out at a temperature of about 600° Fahren- 
heit. 

Muntz metal is used where iron or steel would suffer great- 
ly from corrosion when in contact with salt water. It can be 
forged. 

The difference in the composition of cast iron and steel has 
never been determined, the difference lies in the percentage 
of carbon they contain and the structure of the metal. Cast 
iron will not weld. 

Cast Iron is brittle, of granular structure, and always 
breaks short, having a very low elastic limit. 

Wrought Iron is tough and fibrous, will weld but will 
not harden, and is stronger than cast iron. 
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Steel is stronger than wrought iron, and will weld aud 
harden and temper. The breaking strain of wrought iron 
varies from about 42000 to 60000 lbs. per square inch of sec- 
tion. 

Steel is Tempered by first being heated red hot and sud- 
denly cooled (usually by plunging it into cold water) which 
hardens it. The surface is then brightened, and on being re- 
peated the tempering colours appear, beginning at a pale 
yellow, and deepening into red, brown, purple and blue, the 
latter gradually fading away as the metal is re- heated to a 
red heat. The higher the temperature to which the harden- 
ed steel is reheated the softer or lower it is tempered. 

These colors merely indicate the temperature to which the 
piece is reheated, since they will appear on steel not harden- 
ed and upon iron. 

Case Hardening is a process that converts the surface of 
wrought iron into steel, which is accomplished by placing 
them in a box filled with bone dust, animal charcoal, or 
leather hoofs, etc., the box is sealed with clay heated red hot 
for about 12 hours and the pieces are quenched in water. 

The parts usually case hardened are the link-motion, and 
other light working parts that are of wrought iron. 

The forgeable metals used in engine work are wrought iron, 
steel, copper, and muntz metal. The brittle or short metals, 
are cast iron and brass. 

Welding is the joining of two pieces solidly together, 
wrought iron, steel, and muntz metal can be welded. 

All the metals used in the construction of marine engines 
expand by heat, and this is allowed for in adjusting the 
lengths of the eccentric-rods, or of the valve spindles when 
setting the valve lead. In the case of two marine boilers 
being connected together, the steam pipe is fitted with an ex- 
pansion joint, one pipe end having an enlarged bore to receive 
the other. The joint is made by packing, which is squeezed 
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by a gland, whose bore fits on the outside of the pipe 
"Vrliich moves through the gland bore, from the expansion 
ci>t)d contraction. 

The Piston of a marine engine steam cylinder is a disc of 
oast iron, into which the piston rod is secured. Its body is 
Cored out to lighten it. Around its circumference is a recess 
to receive the packmg ring or rings, each of wliich is split 
iU^ross so that it may be expanded (to fit the bore of the cyl- 
inder), by means of the packing or of the springs. The split 
is closed in the center by a tongue piece let into the ring, 
and fastened to one end of the ring. 

To hold the piston rings or ring in place a junk ring is 
employed, being an annular ring bolted to the piston. The 
piston rings are set out to fit the cylinder bore by suitable 
springs. The round plugs seen on the piston face merely fill 
the holes used to support the core in the mould and to extract 
it from the finished casting. 

Cylinder Drain Cocks sometimes have a check valve 
upon them, so that while the water may pass out of the cyl- 
inder the air cannot pass in and destroy or impair the vacu- 
um. 

Cylinder Escape or Relief ValTCs aie provided at the 

top and at the bottom of the cylinders, and consist of a 
spring loaded valve with an adjusting screw to regulate the 
pressure at which they shall act. They are most needed 
when the boiler primes heavily, and the water might knock 
out the cylinder heads or covers. They should be enclosed 
in a case with a pipe to load the water away, thus preventing 
it from flying out and scaldmg the engineer. 

A Link Motion is a valve gear by which the engine may 
be reversed (caused to run in either direction), or which may 
be used to vary the point of cut-ofi. The advantage of the 
link motion is its simplicity and durability. 

A link n^otion for » marine engine is usually of the Stei^U- 
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at the same time this end of the link-hanger swings in an 
arc of which its other end is the center of motion. 

In Small EnginOS the link is sometimes used for varying 
the expansion as well as for reversing the direction of engine 
revolution. 

In Large Engines it is used for reversing only, a separate 
expansion valve being used for varying the point of cut-off. 

In small engines the link is moved endwise for forward or 
backward gear by a simple arrangement of hand levers. In 
large engines these levers are supplemented by a worm and 
worm gear, and in still larger engines a steam reversing gear 
is use<i for shifting the links from forward to backward gear, 
or vice versa. 

When there is no link motion a Joy valve gear, a Mar- 
shall valve gear, or a loose eccentric may bo used. A loose ec- 
centric is one that can be moved around the shaft to reverse the 
engine. It may be moved around the shaft by mechanical 
means, or the eccentric rods may be disconnected and the 
valve worked by hand to cause the engine to run in the re- 
quired direction, until a pin fast in the shaft meets a lug on 
the eccentric and drives it, there being two such lugs or 
shoulders spaced the requisite distance apart on the eccentric, 
this plan is obviously only suitable for small engines. 

A Separate Expansion Valve is a valve employed to 

effect the cut-off and vary the expansion. It does not affect 
either the admission or exhaust of the steam to the cylinder. 

It is used because by its ;neans an early point of cut-off 
and high rate of expansion may be obtained with a fixed 
point of exhaust, a fixed amount of compression, and a fixed 
amount of lead, whereas with the link motion alone the ex- 
haust occurs earlier in the stroke, and the compression and 
the lead increases as the link is moved from full-gear towards 
mid gear. The expansion valve should, when the engine is 
tQ t>e started; b^ set lor th^ latest point of put-o4, Tbe eg- 
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centric for the expansion valve is set opposite to the crank in 
order that its action may be the same whether the engine 
runs backward or forward. 

The Small Cylinders on top of the steam-chests are for 
the purpose of guiding the upper ends of the valve- spindles 
and are fitted with pistons having steam beneath, the space 
above being in communication with the condenser. The 
steam pressure on the piston supports the weight of the valvee 
and valve gear. 

The Friction of a slide valve may be relieved or reduced 
by excluding the steam from its back, which is done by var- 
ious means, such as by a ring cast on its back and working 
steam-tight against a plate held independently of the valve. 
The interior of the ring should be open to the exhaust. 

The friction of a slide valve is caused by the steam pres- 
sing it to its seat, the amount of this pressure varying with 
the fit of the valve to its seat, and its position over the ports, 
or in other words, upon how much of the valve area has 
steam pressing on one side only. 

The Travel of the eccentric rod is the distance it moves 
measured on a straight line. It is equal to twice the throw 
of the eccentric. 

The throw of an eccentric is the distance between the axis 
of its bore, and the center or axis from which its circumfer- 
ence was turned in the lathe. 

Doable Beat Valves are composed of two discs or mitre 
valves, one above the other on the same stem, so that as the 
steam presses on the opposite faces of the two discs the valve 
is balanced. The objection to their use as safety-valves is 
that tliey are balanced, and would not lift unless the areas of 
the upper disc was made larger than that of the lower one, 
in which the objection would remain that the two discs do 
not ex j: 'and equally, hence they are apt to leak. They are 
&ometia)ie9 vised iQ8(e^4 o| sU^Q valves but are objectiona^lQ 
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because a separate admission and exhaust valve is required 
at each end of the cylinder, and because at quick speeds of 
revolution they fall to their seats with a shock or blow, which 
wears out both the valve and the seat, when a high piston 
speed is obtained by great length of piston -stroke, and not by 
high rotative speed, their use is less objectionable. 

There are two kinds of compound engines, in one of which 
the high pressure cylinder is in line With the low pressure, 
so that both pistons are on one rod which connects to the 
same crank-pin, while in the other the cylinders are side by 
side, as in Fig. 82, in which H. P. is the high, and L. P. the 
low pressure piston. 

The cranks are, in this case, at a right angle, hence when 
Ihe high pressure piston is at the end of the stroke the low 
pressure cylinder is near the middle of its stroke. The ad- 
vantage of this arrangement is, that the total piston power is 
divided up and delivered more uniformly to the crank, which 
enables the crank-shaft to be made lighter for a given power 
and gives a more uniform motion. In Fig. 82 V is the valve 
for the high pressure cylinder, and V that for the low; v is 
the expansion valve, and P P' the balance cylinder for the 
valve gear, while R R' R" are the cylinder escape valves or 
relief valves. 

Expansion joints are joints which permit the parts they 
connect to expand and contract without straining them. 
They are necessary on the steam pipe connecting one boiler 
to another, and on the main steam pipe from the boilers to 
the engine. The working surfaces require to be of brass so 
that they will not corrode. 

They require the collar on the internal pipe of the joint 
(on which the gland fits) to be permanently fixed by solder- 
ing or brazing, and check nuts on the studs, so that the in- 
ternal pipe shall not be blown out from the steam pressure. 
This pipe is also sometimes fitted with chains or stops, in 
case the studs should break, or the nuts or collar strip, 
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An Oil CJnp is either a cavity cast in the piece or a cup 
shaped vessel or hollow cylinder screwed in. It contains a 
pipe extending up about three-fourths of its height, and 
through this pipe the oil is fed to the surface required to be 
lubricated. A hinged led, or, in some casesa, screwed cap 
covers the oil cup to exclude dust, etc. 

The Siphon or Worsted consists bf a number of threads 
of worsted or lamp wick of equal lengths; a piece of lead 
or copper wire is laid across the middle of the worsted, the 
copper wire is doubled and twisted and is then pushed down 
the lobe, carrying the doubled end of the worsted with it. 
The upper ends of the wire are bent over the end of the tube 
80 as to hold the Worsted, whose lower end should pass down 
below the level of the bottom of the oil cup. The oil feeds 
(on the siphon principle) through the medium of the wick or 
worsted, which should not fit the tube tight but quite easily, 
its upper ends hanging over the top of the tube to the bottom 
of the cup. 

The worsted may be cleaned with scalding water, or by 
water thrown upon it from the boiler. 

Tallow Cnps ^or high pressure cylinders must have two 
cocks so that after the cup is filled the top cock may be closed 
and the bottom one then opened. The top cock prevents the 
tallow or oil from being blown out of the cock by the steam. 
For the low pressure cylinder a cup with a single cock will 
answer, as the cock may be openend when the vacuum is at 
that end of the cylinder and the air will force the oil or tal- 
low in. 

A Steam Lubricator or Impermeator is an automatic 

oil feeding device placed on the steam pipe of the high pres- 
sure cylinder. Steam lubricators are made in various forms, 
some having a positive feed by a pumping arrangement, while 
in others the oil floats upon water in the body of the lubrica- 
tor to which steam is admitted; the condensation of the steam 
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increases the quantity of water and causes the floating oil to 
overflow and feed through a pipe leading into the steam pipe 
or steam chest, as the case may be. Cooling the impermea- 
tor causes more rapid condensation, and increases the amount 
of oil fed to the steam. 

Cylinder Escapo or relief valves do not let all the water 
out of the cylinder because of the clearance* hence the 
amount of water left in will equal J,he amount of clearance. 

The Small Cylinders on top of the steam chest are for 
the purpose of guiding the upper ends of the valve spindles, 
and are fltted with pistons having steam beneath, the upper 
end being in communication with the condenser. 

The effort of the piston to rise, supports the weight of the 
valves and valve gear. 

The ValTes of a Marine Engine that are worked by 

hand, are the stop valves for letting on steam from the boiler. 
The safety-valve, which is lifted to see that it is in proper 
working order, the kingston valve for letting in the circula- 
ting water, the blow-through or starting valve for warming 
the cylinders and starting the engines, the valve for adjust 
ing the rate of boiler feed has its lift-adjusting screw operated 
by hand. The slide-valve may also be operated by hand before 
the engine is started, or it may be operated by a steam revers- 
ing gear. The expansion valves are also set by hand to reg- 
ulate the point of cut-off or amount of expansion. The 
valves that are operated automatically, or from the motion of 
the parts, are the slide and expansion valves, the suction and 
delivery and check valves of all pumps, the air pump bucket 
valves, the snifting valves, and the ships side overboard dis- 
charge valves. When the engine is stopped, and the steam 
shut off, close the dampers to check the draught and open 
the drain cocks on the high pressure cylinders. 



*See page 32 on clearance. 
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If the engiDe is soon to start and the pressure in the boiler 
is at the blowing off point, start the boiler feed, if the height 
of the water in the boiler will permit it, and this is a good 
time to clean the fires. If the engine is to stop for any 
length of time shut off the impermeator and the injection 
supply. 

A YacuillII GaOfire is an instmment for measuring the 
total or absolute pressure, or pressure above a perfect vacuum 
and it is used to indicate the degree of vacuum that exists 
in the condenser, which, when the various joints about the 
cylinder and condenser are tight, averages about 27 inches of 
mercury when the temperature in the hot- well is about 100° 
Fahrenheit. 

In round numbers a column of mercury 32 inches high 
equals the weight of the atmosphere,* hence each taking the 
weight of the atmosphere at sea level to be 15 lbs. per square 
inch, then each two inches of mercury represents an atmos- 
pheric pressure of two lbs. Suppose then that a bent U 
shaped tube, each leg of which is 30 inches high, is half filled 
with mercury, and that one end is in communication with 
the condenser, and the other end is open to the atmosphere, 
and if there was a perfect vacuum in the condenser, the pres- 
sure of the atmosphere in the open leg would force all the 
mercury into the leg that communicated with the condenser, 
hence there would be a column of 30 inches of mercury in 
one leg, and air in the other. 

If there was in the condenser a pressure of 1^ pounds per 
square inch above a perfect vacuum, the mercury would stand 
27 inches high in one leg, and 3 inches in the other and so on, 
hence from the height of the column of mercury above its 
natural level, the degree of vacuum in the condenser may be 
known. But the pressure of the atmosphere varies with its 
temperature, and the weight of mercury also varies with its 

^ -- — ... I 

*See pagf 8 354 and 359. 
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temperature. 

To Find the Total Pressure in the condenser therefor-^, 
we subtract height of the column of mercury given by thie 
condenser, from the height of the column in the barometer, 
and divide the remainder by 2. 

Examples. The barometer stands at 29.5 and the vacu- 
um gauge at 26, what is the absolute pressure in the conden- 
ser. 

Here, 29.5 — 26 = 3.5 -h 2 = 1.75 

Answer 1 ^^ lbs. per square inch. 

A Dial Yacuam Gaiiere of the Bourdon construction is 
similar to the Bourdon steam gauge, that is used upon the 
boiler, except that the inside of the elliptical tube is in 
communication with the condenser and the atmospheric pres- 
sure bends the tube into a curve of smaller radius (instead of 
to a larger one, as in the case of the steam gauge). 

Obviously, therefore, the zero of the dial vacuum gauge 
IS atmospheric pressure. 

Suppose the dial vacuum gauge shows 1 lbs., the steam 
gauge 120 lbs., and the barometer 15 lbs., and we may find 
the total pressure or pressure above vacuum of the steam 
in the boiler is as follows: 

Pressure by steam gauge = 60 lbs. 
A perfect vacuum = 15 lbs. 



Total pressure supposing condenser =75 lbs. 
had a perfect vacuum. 

To make the correction necessary because there is not a 
perfect vacuum in the condenser, we then proceed as follows: 

inches. 
Barometer 30 of mercury =15 lbs. per sq. in. 
Dial vacuum gauge = 10 " " " " 

Actual pressure in condenser = 6 " " <« « 
Then: 
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Total pressure supposing condenser 

had a perfect vacuum. =75 

Actual pressure in condenser = 5 

Actual pressure of the steam = 70 

Racing Moans & sudden acceleration of the engine speed 
^d occurs when the propeller is not fully immersed in the 
fiea, as by reason of the pitching of the ship. Racing aug- 
ments the strain on the working gear of the pumps, and is 
likely to lead to accident. It is obviated by the use of a 
governor or by partly shutting off the steam by hand. 

A Marine Goyemor is a device for controlling the engine 
speed, by reducing the supply of steam to the engine cylin- 
der whenever the engine begins to race. The governor is 
driven by band or rope, on the crank-shaft. Governors are 
made in various forms, thus in one the shaft has a fly-wheel 
and a friction clutch, one half one of which is fast on the 
governor shaft, while between it and the other is a spiral 
spring which connects the two halves. If the speed acceler- 
ates, the sliding half of the clutch is moved along the gover- 
nor-shaft and by means of links it closes the throttle valvei of 
the main steam pipe, thus wire-drawing the steam, reducing 
its pressure and thereby controlling the engine speed. 

A Common Paddle Wheel has a cast iron center into 
which the wrought iron arms are set and secured by wrought 
iron bolts and nuts. 

The bolts have hook heads to grip the back of the arm, 
and receive a nut and plate to secure the paddles. 

Paddle wheels are sometimes provided with cast iron floats 
to act as counterweights to some unbalanced part of the en- 
gine, they are mostly required on side-lever engines having 
a single crank, they are placed nearly opposite to the crank, 
but not quite, so that they may prevent it from stopping on 
the center, and be difficult to start again. 

Paddle Wheels for engines having a single crank, some- 
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times have their floats of varying breadths so as to keep tlie 
speed of revolution as uniform as possible. This is accomp- 
lished by making some of the floats wider than the others, 
the broadest floats are in action when the crank is at its 
points of greatest power, and the narrowest at the timetlie 
engine is on a dead center, hence there are four general grad- 
uations of breadth in the circumference of the wheel. 

A Radial Paddle Wheel is one in which the floats are 
fixed to the paddle arms, and their ends are in a line radiat- 
ing from the center of the paddle shaft. 

A Feathering Paddle Float is pivoted at the center of 

its ends, and so arranged that by a mechanical movement 
it will remain vertical when in the water, notwithstanding 
the circular path it revolves in. 

The object of feathering is to cause the thrust of the float 
to be as nearly as possible in a horizontal line, and therefore 
more nearly parallel to the line of the ships motion, and thus 
utilise more of the paddle power to drive the ship. 

The eccentric for feathering the floats is fixed to the ships 
side, and sometimes carries a plummer block or pillow block 
for the paddle shaft bearing. The center of the eccentric 
sheave or wheel is placed ahead of and level with the paddle 
shaft axis. The working surfaces of a feathering wheel are 
of brass, and the bushes of the paddle amis of Lignum Vitae. 

The surfaces are lubricated by .the water, but sometimes 
oil lubrication is provided for the eccentric sheave. 

A disconnecting paddle engine is one in which the paddles 
may be driven separately or together. This is effected at 
the inner port bearing by a clutch wheel, which slides end- 
ways on the shaft and is driven by feathers seated in the 
shaft. This clutch wheel is operated by a lever so as to en- 
gage or disengage with the crank-pin, which is fast in the 
outer crank. 

Disconnecting paddle engines are always fitted with loose 
eccentrics, such engines being used for steam tugs and ferry 
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boats, where quickness of turning, and of reversing is of 
great importance. 

The Thread of a screw propeller is its length measured 
along the outer edge of the blade. 

The Ansle of the Thread is its angle to the axial line of 
the propeller shaft. 

The Length of the Thread is the length of the outer or 
circumferential edge of the blade. 

The Area is the surface of one side of the blade. 

The Diameter is the distance apart of the two points on 
the edges that are diametncally opposite and furthest apart. 

The pitch of a propeller is its degree of spirality, and is 
represented by the distance it would move forward if the 
water was a solid. It is measured by drawing a line repre- 
senting the axis of the propeller shaft, and at a right angle to 
it, a line representing, in its length, the circumference of the 
circle described by the tips of the blades, from the point of 
intersection of these two right angle lines, a diagonal line is 
drawn, representing the angle the blade at its outer edge 
stands at the propeller shaft axis. The greatest distance 
between the diagonal line and the line representing the pro- 
peller circumference is the pitch of the propeller. 

A Left Handed Propeller has a left hand thread or 
spiral, and revolves from left to right to move the ship ahead. 

A Bight Hand Propeller has its blades inclined in the 
opposite direction, and of course revolves in the opposite 
direction to a left hand one. 

The slip of a propeller is the difference between the dis- 
tance the ship is moved by the propeller, and the distance 
it would move if the water was solid. Slip is usually expressed 
in the percentage that the distance the ship actually travels 
bears to the distance she would have travelled if there had 
been no slip. From 10 to 20 percent is lost in slip. 

A ^rew gf iacreasin^ pitch is on^ in which the an^le p( 
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the face of the propeller blade to the axis of the shaft in- 
creases as the thread recedes from the shaft, or from the 
center to the circumference of the blade, or in both direc- 
tions. 

In a uniform pitch the angle of the blade to the propeller 
axis is the same at all distances from the axis. 

An example of a screw of uniform pitch would be a piece 
of angle iron wound around a parallel shaft. If wound on a 
tape shaft, the largest diameter being nearest to the ships 
stern, it would have an increasing pitch. If wound around 
a parabola, the pitch would vary at every point in its diam- 
eter and thread. 

A Thrust Bearing is a journal-bearing provided with a 
number of corrugations or collars fitting with corresponding 
corrugations or recesses in the thrust block, the area thus 
provided serving to resist the end thrust placed by the pro- 
peller upon the shaft. 

It must be freely lubricated by ways leading to each 
collar or corrugation, and so situated that it is accessible for 
examination. It is sometimes at the end of the first length 
of shaft aft of the engine. 

A Stern Tube is a sleeve enveloping the aft end of the 

propeller shaft, to protect it from the sea water, which would 
corrode it. At the aft end of the stem tube is a gland and 
stuffing-box. At the inner end, which extends to the aft 
bulk head, it has a flange which is bolted to the bulk head. 

The Bearing Al'ea of the shaft and stem tube are lined 
with brass (about -J inch thick), to prevent their oiddation 
from the action of the sea water. 

A Lignum YitsB bearing is a wooden bearing generally 
fitted to the outer end of the stern tube in propeller engines, 
or to the outer ends of the paddle shaft of paddle 'engines. 
It consists of strips of Lignum Yitae dovetailed into the bear- 
ing or busily an(J running lengthways of it^ thes^ strips ar^ 
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prevented from working out by a check plate at each end of 

^Ke hearing. 

Screw propellers may be fastened to their shafts in several 
'^ays, as by a key or feather sunk in the shaft, and project- 
^^g into a key way in the propeller bore, and a nut on the end 
^f the shaft with a safety-pin outside the nut, or by a key 
I>assing through the boss of the propeller, and a safety -pin or 
plate upon the key. 

The Principal Pipes of a marine engine and boiler, and 
the parts they connect, are, the main steam pipe, connecting 
the stop valve on the superheater to the steam chest of the 
engine cylinders, the waste steam pipe from the safety-valve 
to the open air, the blow-off pipe connecting the blow-off 
cocks on the bottom of the boiler with the blow-off kingston 
cock on the ship's side; cylinder jacket pipe from the stop 
cock on the boiler to the steam jacket. 

The Circulating suction pipe connecting the main kingston 
valve with the bottom of the circulating pump, the circulating 
delivery pipe connecting the discharge compartment of the 
condenser with the main delivery valve on the ships skin. 
The air pump suction, connecting the body of the condenser 
with the suction side or bottom of the air pump. The main 
exhaust pipe connecting the exhaust passage of the low pres- 
sure cylinder with the condenser. The feed water suction 
pipe connecting the donkey feed pump with the hot-well. 
The feed water delivery pipe connecting the donkey feed 
pump with the check valve on the boiler. The bilge suction 
pipe connecting a strum box in the bilge with the bilge pump. 
A suction pipe from the strum in the bilge to the donkey 
pump. The bilge pump delivery pipe connecting the bilge 
pumps with bilge delivery valves on the ships side. 

A Mud Box is a rectangular box usually placed in the 
engine room, and serving to clear the bilge water from foreign 
lubstanceo^as small pieces of wood, coal, etc.-, the construe tioi) 
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is as follows: It is on the suction side of the bilge pnmpe 
and is provided with a hinged lid that affords access to clean 
it out, and that must obviously close air tight, or the bUge 
pumps will not draw. The box is divided into two compart- 
ments by a loose division plate that stands vertical, and is 
perforated so as to act as a strainer. 

The steam from the boiler passes through the super-heater, 
main stop cock or valve, main steam pipe, separator, regula- 
ting and throttle valve, steam chest, steam port, steam passage 
into cylinder, returns through steam passage and port, exhaust 
cavity of valve into either the condenser or the low pressure 
cylinder, as the case may be, finally exhausting into conden- 
ser, whence the water of condensation is pumped by the air 
pump into the hot-well. In the case of a jet condenser part 
only of the condensed steam goes back to the boiler, the rest 
going into the sea through the injection discharge pipe. 

A Steam Jacket'*' is an outer casing to a steam cylinder, 
the space between it and the cylinder being filled with steam 
direct from the boiler, with the object of preventing conden- 
sation of the steam in the engine cylinder. 

A Drain Cock is supplied to the bottom of the jacket to 
pass off condensed water, steam jackets should be lagged or 
felted to prevent condensation. 

The parts of an engine that require to be felted or lagged 
are the cylinders and the steam pipes, the boilers also should 
be felted or otherwise covered to prevent loss of heat by radia- 
tion, and the uptake protected by means of thin plates, kept 
by means of distance pieces and bolts, at a distance of two or 
three inches from the plates of the uptake. 

Various Nonconducting Substances are employed to 

prevent radiation, as, for example, felt, mineral, wool, asbestos, 
and various kinds of cement. 

The pieces of the Engine through which the steam 

*|^ jpa^e 37 on steam jaoketift 
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pressure is received and transmitted are as follows: 

The piston, piston-rod, cross-head, cross-head gudgeon, 
connecting-rod, crank-pin, crank-shaft and couplings to the 
propeller shaft. 

Tnmk Ensrines ^re generally used in war vessels where 
it is required to have the engines below the water line. The 
trunk passes through the cylinder and the piston is upon the 
trunk, the connecting-rod passes down into the trunk and 
connects direct to the piston. A stuffing box and gland in 
each cylinder cover keeps the trunk steam tight. The trunk 
forms a guide to the piston in place of the ordinary cross-head 
and guides, and thus saves the room required by those parts. 

The Cylinders for a right-handed propeller should be on 
the starboard side of the vessel, so that the pressure on the 
piston, when the engine is going ahead, shall be in a direction 
to lift the trunk in the cylinder, and thus act to relieve the 
gland and cylinder-bore of the weight of the trunk and 
piston. 

All Oscillating En^ne is one in which the cylinder is 
mounted on bearings called trunnions, so that the cylinder 
can swing and keep its bore and the piston pointing to the 
crank at all parts of the engine revolution. This enables the 
connecting-rod and slide-bars to be dispensed with. The trun- 
nions are hollow, one containing the steam, and the other the 
exhaust passage. 

Oscillating engines are used for paddle steamers, because 
their construction permits of a good length of piston-stroke, 
while still keeping the engine low down in the vessel. 

The Valye Motion for an oscillating engine consists of an 
ordinary eccentric gear or motion, with the addition of vari- 
ous mechanical arrangements to accomodate the valve gear to 
the vibrating motion of the valve chest. 

The Stuffing-box of an oscillating engine is made deeper 
than usual because the gland bore has more strain on it, and 
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extra wearing surface is therefore required to prevent its 
wearing oval. 

Geared Engines are those with gear wheels to increase the 
revoluti<^ns of the shaft above those of the engine, and thus 
obtain a high propeller speed without a high piston speed. 

The Pressure that Propels a vessel is taken by the thrust 
block in a screw propeller engine. 

The pressure that drives a paddle steamer is applied to the 
hull at the shaft bearings and their holding beams, and to 
the bed -plates. The amount of fuel required per horse power 
per hour, by modern compound engines, is from about 1^ lbs. 
to 3 lbs., and by common condensing engines from 3 to 5 lbs. 
per horse power per hour. 

The Unit or Measure of a horse power is the amount of 
power required to lift 33000 lbs. one foot high in a minute.* 

Nominal horse power is a term used to represent the com- 
mercial rating or power of an engine, and is usually based 
upon the area of the piston. It gives no measure of the 
engine power, however, because it does not take the piston 
speed into ac<*-ount.§ 

In a Surface Condensing Engine the duty of the air 

pump is to merely pump the condensed steam and vapor from 
the condenser to the hot- well, whereas in a jet condensing 
engine it has to also take the condensing water from the con- 
hmser, hence an air pump for a surface condenser may be 
made smaller than that for a jet condenser. As the air pump 
works against the pressure of the atmosphere, therefore the 
smaller it is, the less of the engine power is absorbed in work- 
ing it. 

The Injection Cocks are Regulated for opening by rods 

having handles attached. If the injection cocks are not open 
wide enough the condenser will get hot and impair the vacuum 

*See page 319. 
§See page 323. 
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while if opened too wide, the water in the hot well will be 
cold and the boiler feed will be cold, these cocks should be 
so regulated as to keep the temperature in the liot well at 
about 100 degrees Fahrenheit. 

The Parts of a Marine Ensrine that are exposed to 

danger in a cold climate, are all pipes through which cold 
water circulates, and are liable to freeze. 

The Precaations necessary to prevent freezing in cold 
climates, are to cover all pipes liable to freeze, to keep the 
water circulating through them or to let it out of them if 
Decessary, as in the case of the engine standing. 

For other information concerning the engine see as follows: 

Page. 
Angularity of connecting-rod, 50 

The slide-valve 59 

Double ported and griddle valves 63 

Balanced valves 65 

. Piston valves. 66 

Separate cut-off-valves. 70 

Reversing gears 141 

Finding the working results of a slide-valve 151 

Condensing engines 186 

Simple calculations for engineers 270 

Calculations on the meahanical forces 307 

The unit of power 319 

Calculating horse power 323 

Calculations of safety-valves 330 

Heat, Water, and Steam, 335 

The expansion of steam 340 

The conversion of heat into work 343 

The indicator 347 

Indicator diagrams 351 

The barometer 359 

Calculating the horse power from indicator diagrams 374 

Finding the steam or water consumption from an indicator. 278 
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MARINE BOILERS. 
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The Strengths of the Seams aro usually stated in the 

percentage they bear to the solid plate of the boiler shell. 

The Biyeted joints are single, double, or treble riveted, 
and may be either chain or zigzag riveted. 

Ill Chaill Siyeting the rivets in the second and third 
TOWS of rivets are in line with those in the first row, so tliat 
lines drawn longitudinally and transversely through the first 
TOW, will pass through the centers of the rivets in all the rows. 

In Zigzag Blyeting) each alternate row of rivets is spac- 
ed intermediate to its neighboring row. 

A. Lap Joint is one in which the plate edges overlap and 
the rivets pass through both, and are therefore in single 
shear, because the plates can separate if the rivet should 
shear or break in one place only, i. e., between the two 
plates to be joined. 

A Bntt Joint is one in which the ends to be joined, abut 
at their edges and a cover plate or butt strap is used. 

A Ccnrer Pltite or butt strap is a band or strip of metal 
covering the joint, the rivets passing through the shell plate 
and the butt strap. 

With a Sinfirle Bntt Strap or cover the rivets are in sin- 
gle shear, whereas with a double strap the rivets are in 
doable shear. The riveted seams bear a percentage of strength 
to that of the solid plate var3ring from about 57 to 85 per 
cent, according to the diameter and spacing of the rivets, the 
number of rows of rivets, and the method of making the 
rivet holes. 

The Seams are made steam tight, after the riveting has 
been done, by caulking, which consists of setting in the edges 
with a caulking tool or set driven by hammer blows, the edge 
of the plate first having been planed, or in some cases chipped 
level. 

Boiler Stays or Braces are rods, ribs, or plates for sup- 
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porting the weaker parts of the boiler, thus the tube plates 
may be stayed by rods passing through both plates and 
screwed into them, or nuts and washers may be used on the 
stays one on each side of each tube plate. 

Oasset Stays are iron plates whicli are riveted to T ^^^ 
or in some cases, to L irons which are riveted on the sur- 
faces to be stayed. 

Stay Tabes are thick tubes (usually about ^j- inch thick), 
which screw into the tube sheets and are riveted over at the 
ends. A superior construction, however, is to provide nuts 
and washers to the ends of the stay tubes one on each side of 
each tube plate. 

Boiler Stays ^^^ usually made of such diametei-s that 
when now, they will sustain a tensile strain of not more than 
5,000 lbs. "i^or square inch of cross section, this being the rule 
of the Board of Trade. 

Stays are Sometimes Screwed into the tube plates and 

then riveted over at tlie outside ends. A better method, 
however, is to let the ends of the stays receive a nut on each 
side of each tube plate. 

Boiler Tubes are Secured in their tube plates by being 

expanded in. This may be done by driving in a taper steel 
mandrel, and then clinching them over, or by using a tube 
expander. There are two principal kinds of tube expanders, 
ill one of which small rolls travel around the bore of the 
tube and expand it, while in the other a number" of seg- 
ments, held together by a spring, are forced outwards by a 
mandrel driven in by liammer blows. 

Too Much Expanding is apt to weaken the tube close to 
the inside face of the tube sheet. 

Boiler Tubes Leak first at the end which receives the 

greatest heat from tlie fire, the l('aka.o:e being caused by the 
expansion and contraction of the tube, which is obviously 
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hotter than the water which causes the tube to expand more 
than the boiler shell. The remedy is to re- mandrel or ex- 
pand the tube. 

The Scale That Forms on the face of the tube sheet 
keeps the water away from contact witu the plate, which 
with an undue thickness of scale will crack between the tube 
holes. 

A Tnhe That is Split or that cannot be made steam 
tight by being re-mandrelled or expanded is plugged up at 
each end by means of either wooden or iron plugs. The 
best plan, however, is to use iron discs having a stepped diam- 
eter so that one end will fit the bore of the tube, and the 
other will form a shoulder that will cover the end of the tube. 

Each disc has a hole through its center, so that a wrought 
iron rod or bolt may be passed through the hole, and receive 
a nut at each end. Beneath the flange of each disc, a grum- 
met of spun yarn and white lead is placed, so as to make a 
steam tight joint when the nuts are screwed home, this stays 
the tube plates as well as stopping the leaky tube. 

If Wooden Plugs are used, they are made a driving fit in 
the tube bore, and driven through until they have passed the 
split, and a second wooden plug is driven tightly from the 
same end of the tube. 

The Most Rapid wasting of the plates of a marine boiler 
occurs alongside the fire-bars, on the furnace tops, at the 
back of the flame-box or combustion chamber, and in those 
plates generally that receive the most intense heat, and espec- 
ially when they are heavily coated with scale and are not 
covered with water. 

The Uptake of the boiler is the passage through which 
the heat passes after finally leaving the tubes. 

A Wet Uptake is one which passes through the boiler, 
and therefore has fire on one side and steam on the other. 
It is therefore under a collapsing pressure. 
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A Dry Uptake is one which is outside of the boiler, and 
is not, therefore, under steam pressure. 

The Furnace of a marine boiler extends from the fiie 
door to t)ie combustion chamber, (». e. the box in which the 
heat of the furnace passes before returning through the tubes). 

The Superheater of a marine boiler is a cylindrical ves- 
sel receiving the steam from the boiler, and delivering it to 
the main steam pipe, whence the steam is delivered to the 
engines, etc., when it has no connection with the uptake, it 
may, however, be more properly termed a steam drier, since 
it serves to separate the steam from entrained water, and 
does not superheat the steam. 

In some cases, however, the superheater takes the form of 
a splierical ended cylinder standing in the uptake, in which 
case it superheats the steam. 

Superheated Steam is steam to which heat has been im- 
parted after it has left the steam space in the boiler, but the 
heat thus imparted is latent or not shown by the thermom- 
eter.* 

Superheating evaporates entrained water, and therefore 
prevents or reduces the amount of priming. 

The Fittings essential for a marine boiler are: The safe- 
ty-valves; the test-cocks (or gauge-cocks as they are some- 
times termed); the water gauge-glass; the stop-valves; the 
check-valve for the boiler feed pipe and the valves for letting 
on steam to the main engine and such other engine or 
engines as may take steam from the main boiler; the scum 
cocks; the blow-off cocks; and a small cock to enable the 
drawing of water from the boiler to test its degree of saltness. 

There are two kinds of safety-valves, the dead-weight and 
the spring-loaded. 

A Dead-weight safety-valve is one in which the valve is 



* See page 299 on superheated steam. 
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held to its seat by dead weight, the objection to which is that 
when the vessel rolls the effect of the weight or weights upon 
the valve is diminished; hence under heavy rolling the steam 
may blow off at a less pressure than the valve is set for. 

A Lock-np safety-valve is a dead- weight safety-valve, the 
top of whose spindle is provided with a cast iron cap or bon- 
net with two handles on. This cap is keyed to the spindle, 
and the keyway is so disposed that no extra weight can be 
added to the valve, while at the same time the valve can be 
lifted from its seat and turned around. 

A Spring-loaded safety-valve is one in which the valve is 
held down by the pressure of a spiral spring, and this pres- 
sure will obviously not vary no matter how much the ship 
rolls. 

In proportion as the valve lifts and the spring compresses 
its resistance increases, and this tends to impair the accuracy 
of the valve. This however is offset from the fact that when 

* 

the valve rises from its seat it presents a greater area for 
the steam to act against. 

The Area of safety-valve required by the English Board 
of Trade is about ^ square inch of valve area per square foot 
of fire-grate area.* 

There are three test-cocks, which are sometimes placed 
in a diagonal row on the front of the boiler, and sometimes 
on the fitting for the gauge-glass. The top test-cock shows 
highest level to which the water should rise in the boiler, and 
the lowest one the lowest level, the middle cock indicating 
the average. There is usually a vertical distance of about 
4 inches between the test-cocks, which gives a permissible 
range of 8 inches in the level of the water in the boiler. 

Test-cocks ar© prevented from choking with scale, by 
passing a wire through the cock and clear into the boiler, a 

■ — ■ — " - — — ■-- ■■ 

*S6e page 290 for safety-valve calculations. 
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plug being provided, which, when removed by unscrewing, 
permits the insertion of the wire. 

This cleaning must obviously be performed when there is 
no steam on the boiler. 

A OangO-^Iass is a glass tube whose bore is open to the 
boiler. It is fitted at each end to a brass socket that is screw- 
ed into the boiler, each socket having a cock that permits 
communication between the gauge-glass and the boiler to be 
shut off in case the glass should break. The bottom socket 
is also fitted with a cock, which, on being opened, permits the 
water and steam to blow through the gauge-glass and clean it 
of scum or dirt. 

The Gange-^lass must be plainly in sight, and placed at 
such a height that when the desired quantity of water is in 
the boiler it will half fill the gauge-glass. 

Glass water gauges instead of attaching to the boiler are 
sometimes fitted to a fitting that connects to the top and 
bottom of the boiler with the object of obtaining, for the gauge 
glass, water free from the scum and impurities which collect 
at and near the surface of the water in the boiler. This fitting 
should have cocks in each pipe leading to the boiler, so that 
in case the gauge glass breaks, steam can be shut off from 
the boiler. 

In some cases the test-cocks are also attached to this fitting, 
and in this case the construction should be such, that shut- 
ting off communication between the gauge-glass and the 
boiler will not at the same time shut off communication be- 
tween the test-co(*.ks and the boiler. 

When the boiler is priming or steaming very fast, the 
gauge-glass may show a false water level, hence reading 
should be compared with that of the test-cocks. 

If the Water Gets Too Low, the first parts of the 

boiler to be injured will be the top of the flame-box or com- 
bustion chamber, and the top row of tubes, because they are 
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the first surfaces that the water will fall below and leave ex- 
posed to the heat without having water on the other side.* 

The Pressure in the Boiler is shown by a steam gauge, 

pressure gauge, or dial gauge as it is promiscuously called. 

A Bourdon Dial Gauge or pressure gauge consists of a 
dial casing, containing a hollow thin brass hoop, oval in cross 
section, which receives steam from the boiler. 

This hoop is fixed at one end, while the other end is closed 
and free to move. The free end is connected by a small 
link to a toothed sector, which gears or engages with a small- 
pinion fast upon the spindle of the pointer or needle. When 
the steam is admitted into the hoop it straightens out, or ex- 
pands in diameter to an amount that is proportionate to the 
amount of the pressure within the hoop, and thus causes the 
needle or index pointer to revolve, and denote from the 
markings or readings of a dial plate, the amount of pressure 
within the hoop. 

If the pressure within the hoop is released, it will move 
to its normal or zero position. In the course of time, how- 
ever, the hoop is apt to get a slight permanent set, and not 
indicate correctly. It may, however, be approximately test- 
ed for accuracy, by testing its readings with that of the 
safety-valve. § 

The working parts of the gauge,, and its casing also, are 
made of brass, so that they shall not corrode, and to prevent 
the heat of the steam from permeating the gauge and impair- 
ing the action from expanding the parts, a small quantity of 
water interposes between the gauge and the steam, the con- 
struction being as follows: 

Outside the gaug;e casing the steam pipe is bent into a 
loop forming an inverted siphon, which is to contain the 
water. 

*See page 15 on low water in boilers. 

§See pages 1 and 290. 
R 
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At the Lowest point in the bend of the siphon a small 
cock is inserted, which lets the water out of the leg of the 
siphon nearest to the boiler, because water in that leg would, 
from its weight, cause the gauge to show a pressure high- 
er than that in the boiler. 

The Pressure Shown by a steam gauge, is that above 
atmosphere* and not that above vacuum. 

The Stop Talye of a marine boiler is a valve that is 
opened to let the steam into the main steam pipe. 

A Blow Off Cock is a cock employed to blow off, or let all, 
or a part of, tlie water out of a boiler. There are generally 
two, one on the bottom of the boiler, and the other at the 
ship's side, so that if the pipe was to break or get damaged, 
the cock at the vessels side can be closed to keep the sea 
water out, while that on the boiler may be closed to keep the 
water and steam in the boiler. These two ends cannot ob- 
viously be obtained if one blow off cock only was used. 

Blow Off Cocks are opened and closed by a spanner or. 
key that is removable from the cock, and to prevent the pos- 
sibility of taking off the spanner or key, before the blow off 
cock is closed, a spanner guard is employed. 

A Spanner Gnard is a cap having a lug or tongue, which 
projects into the hole in the spanner guard, through which 
the spanner or key must pass before it can fit on the head of 
the blow off cock, and the key or spanner has a correspond- 
ing recess so that the spanner or key can only be put on or 
taken off when the cock is closed. 

Blowing Off a Boiler is emptying it entirely as for ex- 
amining the whole interior of the boiler. 

Blowing Down a boiler is letting out a portion of the 
water so as to carry off the loose scale, mud, or sludge that 

*Se6 page 318 for remarks on total pressure and pressure by gauge. 
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V accumulate on the bottom of the boiler. The mud 
sludge would form into scale if allowed to remain.* 

i Senni Cock is a cock employed to blow off a portion of 
e surface water in a boiler, and thus remove the scum, salt, 
id impurites which float or are thrown up to the surface. 

Two Senni Cocks &i*e employed, one on the side of the 
oiler, and one on the side of the ship. These two cocks arc 
x)nDected by a pipe. That on the boiler is placed a little 
below the working level, which is supposed to be (and is 
fept as nearly as possible) about 9 inches above the top row 
of tubes. 

Sluce valves are doors sliding, water tight, in ways at the 
entrance to the bulk heads on both sides of the ship. They 
should be worded from above in order that they may be 
shut, when the depth of water in the bulk heads might pre- 
vent them from being worked from below. These valves 
should be operated occasionally to ensure that they slide 
easily and are in working order. 

Scale in marine boilers, using salt water, is composed of 
sulphate of lime, it is most objectionable on the furnace tops, 
on the sides and tops of the combustion chamber, on the 
tubes and on the tube plates. It may be prevented to some 
extent from forming, by a rapid circulation of the water in 
the boiler, by blowing down the boiler through the scum 
cocks, by the suspension in the boiler of zinc plates in con- 
tact with iron ones, by impregnating the water with chemical 
antidotes, which maintain the impurities in the form of mud 
or sludge, and by purifying the feed water. If surface con- 
densers are used scaling is obviously diminished, by feeding 
as little salt water as possible, which may be done by not 
getting up a steam pressure high enough to cause the safety 
valve to blow off, and by preserving the water from the ex- 
hausts of the donkey or other engines about the ship. 



*See page 15 on blowing off and blowing down a boiler. 
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A thin coating of scale, as say -^ inch thick, may serve as 
a protection against the c)ieinical action of water that would 
act to corru«le the surfaces, as in the cases of harbours receiv- 
ing the waste water from chemical works or other impure 
watt-rs. A thick coating of scale causes the plates to burn on 
t'tM* si«le receiving the furnace heat, and causes blistera to rise, 
while at the same time it decreases the value of the heating 
surface. 

Scale on the tubes causes them to expand more and there- 
fore leak in the tube sheets. 

This extra expansion sometimes breaks away the scale at 
the neck of the tube in the tube sheet and gives access to the 
water there, and the chemical action of water will in some 
cases cause the tube to be eaten through close to the tube 
plate. 

Scale is Bemoyed mechanically by chisels, scrapers, 
and chipping hammers, which are applied to all the surfaces 
that can l)e got at from the inside of the boiler (the manhole 
affording access to the boiler). After the scale has thus 
as far as possible been removed, it is washed out of the 
boiler. The efficiency with which scale may be removed 
from the tube sheets and tubes, depends, to a great extent, 
uj)ou the facilities the arrangement of the rows of tubes af- 
fonls in giving access to the scaling chisels). 

The Salinometer. Salt water is heavier than fresh water, 
hence the amount of saltiness of water may be known from 
its density or weight. A salinometer is an instrument that 
determines from the density of the water, the amount of salt 
contained in the water. It consists of a graduated stem at 
whose extremity is a weighted bulb which partially sinks the 
tube in the water, the depth to which the bulb sinks shows 
the density of the water. 

The reading of a salinometer is taken at the water level, 
and is read on the tube which is graduated as follows; The 
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"r "Hiark furthest from the bulb or highest up the stem is mark- 
1 «d O, and if the zero line is level with the surface of the 
Talve in which the salinometer floats, it indicates fresh water. 
If salt be added to the fresh water the salinometer will rise 
in the water, and when the water contains 1 lb. of salt to 32 
Jbs. of water (which is the average degree of saltiness of sea 
water), the line marked ^^ on the salinometer tube \yill be 
level with the surface of the water. If the saltiness of the 
water be increased the salinometer will rise in the water un- 
til at 2 lbs. of salt to 32 lbs of water, a line (on the tube) 
marked -^^ will be level with the surface of the water. The 
space between the ^ and -^ is divided into halves and quar- 
ters. 

As the density of water varies with its temperature there- 
fore the readings on the salinometer must agree with some 
specific temperature, which is usually 200° Fahrenheit, and 
the reading of the salinometer is correct only when the water 
is at that temperature. If, however, the water varies a few 
degrees from the standard of temperature for which the sal- 
inometer is marked, a correction of the reading may be made 
by adding ^ of ^ for each 10 degrees that the water is hot- 
ter, or subtracting the same for each 10 degrees that it is 
cooler than the temperature at which the salinometer is cor- 
rect. 

The Density or specific gravity of ordinary sea water is 
1.027 (that of distilled water being unity or 1.) and it contains 
about 4 oz. of salt per imperial gallon. 

Tallow is sometimes forced into a boiler fed with salt 
water to stop priming, by means of a syringe that is screwed 
into a tallow cock provided upon the boiler below the 
water level. If the boiler is fed with fresh water tallow is 
apt to cause priming. 

Angle Irons are used in boiler construction to be rivetted 
to plates that require supporting or strengthening, or for 
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gusset stays to be rivetted to. Flanged plates are used inl 
construction of the furnaces, flame, boxes or coml 
chambers, boiler ends and tube plates or tube sheets. 

DiTision Plates are fitted in some boilers to prevent i 
water from passing from one side of the boiler to the 
when the vessel rolls heavily. This prevents some of 
tubes from being left uncovered by water and thereby 
injured from undue heat. 

These DiTision Pifttes are neither steam nor water ti^ 
and stand fore and aft of the ship. Similar division platei 
are sometimes used, however, to prevent the tops of the com- 
bustion boxes from getting overheated from the motion of 
the ship leaving them uncovered with water, their location 
being subserved to this end and varying with the position of 
the boiler. 

The Superheater of a marine boiler is provided with a 
safety-valve, and sometimes with a pressure gauge to enable 
the comparing of the steam pressure with that in the boiler, 
and should also be provided with a gauge glass, to show 
when heavy priming is going on. 

The Main Stop-Valye is upon the superheater, as is also 
the blast pipe. 

Priming^ is a lifting, into the steam space of the boiler, 
of a patt of the water and may arise from heavy firing, from 
the safety-valve blowing off, from too Itttle steam space, and 
from other causes. 

Priming* often occurs when the boiler feed is changed 
from salt water to fresh water, or from fresh to salt water. 

A Separator or Interceptor is a device fitted to either 

the superheater or to the steam receiver, for separating en- 
trained water from the steam. It consists of a i-ectangular 
box or chamber with a partition plate extending from the 
top half down into the box. 

*See page 16 on priming. 
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[The entering steam strikes the face of the partition plate 
which the water collects, and from which it drops to 
bottom of the box while the steam passes under the par- 
and out at the other side to the engine. 

Tho Draft of a boiler is caused by the heat expanding the 
and lightening it, thus causing it to ascend. It can be check- 
by stopping the exit of heated air up the funnel by means 
d a damper, by checking the flow of cold air into the fur- 
l aaoe, by closing the dampers, by opening the furnace doors 
i nd letting cold air in the furnaces above the fires*. 

r A Blast Pipe is a small pipe leading from the superheater 
to the funnel and provided with a stop-cock. 

It is used for letting a jet of steam up the funnel to pro- 
mote the draft 

Flame seen at the top of the funnel is caused by the com- 
Imstion of gases that would have been consumed in the fur- 
nace had there been sufficient air or sufficient room for com- 
plete combustion. It may be caused in a variety of ways, 
M insufficient openings between the fire bars, too narrow a 
space between the bridge wall and the boiler, or too deep a 
fire npon the bars. It is detrimental, because it obviously 
Wastes fuel. 

Dampers &i*e used to regulate the draft in the furnace, 
they are fitted to the ash-pits or to the funnel, and should be 
fitted to both, because closing a damper in the funnel sets up 
a certain amount of pressure in the furnace by holding the 
heat, whereas dampers at the ash-pit doors and none in the 
funnel lets the heat out and prevents cold air from getting in 
to promote combustion. 

When There are no Dampers the furnace doors are 

opened instead, to check the draft, this is, however, highly 
injurious to the boilers. § 



*TT" 



*See page 166. 
^See page 166, 
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Black Smoke is an evidence of incomplete or imperfecfc 
combustion, and may be, to a great extent, prevented by 
careful firing as by feeding gradually and evenly by the ad- 
mission of the proper quantity of air, or by a jet of steam ad- 
mitted above the dead plates. 

The Furnace Bars are ordinarily of cast iron about \\ 
inches thick at the top tapered towards the bottom, and 
with an air space of from ^ to f inch between them. 

They require less air space for Welsh than for Newcastle 
coal, as the latter is the flaming or gaseous coal, and bums 
the fastest. 

The Quantity of Coal Bnmed in marine boiler furnaces 
is about 1 5 lbs. per square foot of fire grate area per hour, 
hence the quantity burnt per day with common* average 
engines with four furnaces three feet wide and five feet long, 
may be found by multiplying the area of the four furnaces 
(60 feet), by the number of lbs. (15) burned per foot of grate 
per hour, which will give the total pounds weight burned per 
hour, which divided by 112 lbs. will give the hundred weight 
burned per hour, and this multiplied by the number of hours 
reckoned as constituting a day, gives the fuel consumption 
per day, based upon 15 lbs. coal per square foot of fire grate 
area. 

The Number of Tons of steam coal burnt pe}* day to drive 
an ordinary steamer of 40 feet beam, 10 knots an hour by 
steam alone (or without sail), will depend upon the kind of 
engine used. Experience teaches us that with average ves- 
sels, the beam squared equals the consumption of coal for 40 
days, in the case of an ordinary jet condenser engine, 50 days 
with a surface condensing engine, and 60 days with a com- 
pound engine, hence in the present example, assuming the 
engine to be jet condensing, we may calculate the fuel con- 
sumption per day, for a vessel 40 feet be^m givinff 10 knot9 
m hour, as fpUow^; 
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The beam squared gives 1600 (40 x 40 = 1600), which 
divided by 40 (40 days) gives 40 tons per day. For surface 
condensing the 1600 would be divided by 50, giving 32 tons 
per day, and for a compound engine the 1600 would be divi- 
ded by 60, giving 26 tons, 8 cwt. per day. 

It is obvious, however, that calculations of this kind, in 
which the ratio of expansion is not stated, are the merest 
approximations. 

The Number of Tons of steam coal that will be burnt 
per day with a pair of average surface condensing engines 
having cylinders 4 inches in diameter, will be, under average 
conditions, 1 6 tons per day, the calculations being based upon 
the common assumption that the diameter of one cylinder 
squared and divided by 100 gives the consumption of fuel in 
tons per day for condensing engines not compounded, thus, 
40 X 40 = 1600 -T- 100 = 16 tons of coal burned per day. 

Here again, the ratio of expansion not being specified, the 
calculation has no real practical value. 

If at Sea and Short of Coal bear in mind that the con- 
sumption of fuel per mile run is greater for fast than for slow 
speeds, hence the following points should be attended to: 

Bednce the Speed of the ship to, say, half the usual. 
Regulate the fire so as to keep up full boiler pressure with- 
out blowing off. This will allow the expansion, or cut-off 
valve to be set to cut-off early in the stroke, and thus save 
steam. If, under these conditions, the steam should some- 
times blow off at the safety-valve, cover up part of the fire- 
grate area. 

Use a thin, rather than a thick, fire, but be careful that it 
is not so thin as to let currents of cold air pass through. 

To Believe the Boiler in Case of Emergency. Sup- 
pose an engine breaks down at a time when the fires are 
heavy and going full, that the steam gauge shows blowing 
gff pressure, but th^t the safety-valve is stuck^ or from 9om9 
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cause or other is prevented from blowing off, and cannot ^'V^ 
eased or lifted, and the following is the course to be pursoflt^ve 

1st. Close the ash-pit dampers and open the smoWl 
door, and fire-door. If there are no ash-pit doors cloae tklj 
damper in the uptake and open the fire and smoke-box do(nt.i 

2nd. Start the donkey engine to feed cold water into tin' 
boilers. 

3rd. Start the steam winches, and any other small engiM 
that take steam from the main boilers. 

4t1i. Slacken the escape-valves and open the drain oodtf 
of tlie cylinders and receivers, and steam will blow throogli 
the H. P. cylinder escape-valve and drain cock at once. The 
H. P. slide-valve may then be worked by hand back and forth 
to let steam pass into the receiver and blow through its 
escape- valves and drain cock. - ' 

5th. Open the scum or brine cocks and keep them open, 
also open all gauge or test cocks, etc., about the boiler. * 

A Marine Engine may Fail to Start, or may be Fre- 

yented from Starting by the following causes: 

1st. The H. P. slide-valve may be off, or away from its 
seat, tlius admitting the steam to both sides of the piston at 
the same time. 

2nd. The engineer may have forgotton to disengage the 
hand turning gear from the crank-shaft. 

3rd. The propeller may be fouled with a piece of timber, 
or by a chain or rope (these causes sometimes occurring when 
the ship is in port), or there may be something wrong with 
the outer bearing of the propeller shaft. 

4th. In the case of a propeller fitted with a banjo frame 
(for the purpose of raising the propeller) the propeller may 
be locked. 

* It is not safe to draw the fire at a time when the pressme is at a 
dangerous point, especially a heavy, as disturbing it may tempoiaEily 
iQcre^se thQ 9ombiistion m^ oo^^ew^ to explosion, 
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^th. An obstruction, as a block of wood, in the crank-pit 
J prevent the crank from turning. 

€th. The slide-valve nut may have slackened back, thus 
ning the slide-valve. 

7th. The slide-valve spindle may have broken. 

8th. When an engine has no auxillifiry or starting, but 
^11 impulse valve that merely lets a puff of steam into the 
JJ'Bceiver, this impulse valve may leak, and if the escape or 
*elief-valve on the receiver is too much loaded it may gag 
the H. P. piston by giving it high pressure steam on both 
Bides, and this may throw the valve off its seat. Similarly, 
if the engine has an auxilliary, or starting, valve, and it leaks, 
high pressure steam may be admitted to both sides of the 
Xi. P. piston, thus gagging it and causing its slide-valve to 
throw back and away from its seat. 

9th. The cylinders may be choked with water, and the 
drain cocks choked up. 

10th. The crank-shaft bearings may be screwed up too 
tightly. 

11th. The air or the circulating pump may be choked 
with water, either the air pump overflow valve, or the circu- 
lating discharge valve, being secured down.* 

* The air pump overflow valve should never be permanently fastened 
down. More engines have been broken down from this than from al- 
most any other neglectful cause, because from great leaks in the con- 
denser tubes and engines standing for a length of time, a larger quan- 
tity of water may require to be got rid of during the first few strokes 
of the pump than can pass through the small air or vapor pipe, which 
is usually fitted from the hot-well either into the bilge or else overboard. 
Unless the valve in this overflow pipe is heavy enough of itself (which 
is very rarely the case) it should be loaded by a spring or weight, so that 
when the puff of the air pump causes it to lift, and the vessel is rolling, 
sea water may not pass into the hot-well. To avoid this some engineers 
erroneously fasten this valve down. An experienced engineer states 
that in his exi>erience five engines hnve been broken down from this 
cause alone. 
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12 th. From the engines being allowed to stand a long 
time in one position, and the glands being too tightly packei 
An engine should be turned a little daily when not in use. 

13th. From the piston-rings being set out loo tight to the 
cylinder-bore. 

14th. From the throttle or stop- valve being shut as from 
its spindle being broken. 

15th. From the eccentric sheave, or wheel, having shifted 
on the shaft, some eccentrics having a key that is not sunk 
in the sheave, which is done so that the eccentric may sliift 
rather than break if it should sieze in its strap. 

16th. From the H. P. piston leaking badly, or its ring 
being broken, which will permit the cylinder to fill with steam 
and the slide-valve to unseat. 

17th. If the engine has been overhauled the forward 
eccentric may have been connected to the wrong end of the 
link, thus giving an improper motion to the slide-valve. 

1 8th. The expansion may be set to cut off too early in the 
stroke. 

1 9th. From the air pump rod or from the circulating pump 
rod being broken, or from the valves being broken. 

20th. From the cylinder casing or the receiver being 
cracked so as to admit steam to both sides of the pis- 
ton at the same time. 

A Defecti?e Yacunm, or Loss of Tacnnm^ may Occur 
from the following causes: 

1st. From the glands of the low pressure cylinder leaking. 
2nd. From the pet-cock of the air pump being left open. 
3rd. From the joints of the connections about the conden- 
ser, leaking. * 

* To discover a leak about a condenser pass an exposed Ught, as a 
candle, ahout the joints, etc., and where there is a leak the ftame "wiU 
be drawn in towards the condenser. * 
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4tb. From the condenser being cracked md therefore 



5th. From the injection cock or valve lieitg: closod. 

6th. From the condenser tuljes being fou] for iatck of 
Deing cleaned. From the L. P. cylinder escape-valv^fi. or 
sylinder cocks being leaky, and therefore letting in air. 

7th. From the slide-valve and piston of the L. F. cylinder 
jeaking. 

8th. From the air pump valve being leaky or bro- 
ken. From the circulating pump being defective. a£ from 
laving leaky valves. 

9th. From the kingston injection valve not being property 
opened, or from its outside onfice being choked. 

1 Otb. The bilge injection may be so connected with the air 
pump or condenser as to impair the vacuum when its valve 
is accidentally stuck, and its stop-cock is left open. * 

The Principal Causes of Heating are: 

1 St. The bearing caps being screwed down too tight. 

2nd. The bearings being left uncovered, thus allowing 
the brick-dust, used for cleaning the machinery, the dirt from 
coaling the ship, or the sand used for cleaning the decks, to 
get into the bearing. 

3rd. The oil grooves in the brasses being worn out, or too 
shallow, or the brasses not being cleared at the sides. 

4th. Improper fitting of the distance pieces, or fit strips, 
between the brasses. 

6th. Bad oil, or too light an oil. 

6th. If the brasses are too slack and thump or pound, 
the back of the brass may pean or stretch, causing the sides 
of the brass to close in upon and bind the crank journal or 
crank-pin, and this will cause heating. 



KoTE. It is obvious that a defective vacuum may or may not prevent 
an engine from starting, according to the degree of defectiveness. 



PART IX 



SOME POINTS ABOUT RUNNING 
VARIOUS KINDS OF ENGINES. 

Engines That are Used Out of Boors, or are expos- 
ed to temperatures below the freezing point, must be left so 
that steam leaks may not condense in any of the parts, or 
pipes, and burst them. 

Leaky Throttle Valves may, for example, cause water 
to accumulate in the steam-chest and freeze, perhaps bursting 
the steam-chest cover. 

To Prevent This let the engine stand with the crank 
just past the dead center so that the steam-port will be open 
and open the waste-water cocks on the cylinder, and also on 
the steam-chest if there is any. 

If the Cylinder is jacketted, all the drain cocks for the 
jacket should also be opened. 

A Leaky Check- Valve may cause the steam to condense 
in the pump and freeze it up solid or burst it or the pipes. 
To avoid this, open the pump pet-cock. 

Open All the Drain Cocks on the heater and water 
pipes. 
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,^1^ the Water is Left in the BoUer aU Night, it is 

■''^^le to freeze. 

•I^ Prevent This Leaye a well banked fire. 

^.^^ -In Extreme Weather remember that on exposed engines 
• '' ^^^ oil, if of such quality, as sperm or lard oil may freeze and 



*vent feeding until the bearings get hot and melt the oil. 

TPo Prevent Tllis use a lighter oil, as for example a 
"^'^eral oil. Or in case of freezing melt the oil in the cups 
^>>th a piece of wire made red hot while getting up steam 
^^ the morning. 

A Good Plan to Prevent oil from freezing and yet have 
^ good quality of oil, is to mix two parts of lard oil with one 
t^art of kerosene. 

Portable Engines should stand as neaily level as possible 
%o that the water will stand level above the tubes and crown 
aheet of the fire-box. 

When Peed Water is Drawn from a natural supply, as 

from a stream, the strainer at the end of the suction pipe 
should be clear of the bottom of the stream where it is liable 
to be choked. 

When the Exhanst Steam is used to feed the boiler, do 
not open the valve that lets the exhaust steam into the feed- 
water tank until a little while after the engine has started, 
because the oil fed to the cylinder will otherwise pass into 
the feed tank and may cause priming. 

In Engines Having plunger pumps for feeding the 
boiler, it is essential to keep the plunger properly packed as a 
leak there impairs or stops the pump from acting. 

A Onage-Olass May be Cleaned when the engine is 

cold, by shutting off the cocks leading from the boiler and 
filling the gla^ with benzine, allowing it to stand two hours, 
the benzine must be let out at the bottom of the glass tube, 
and not allowed to enter the boiler. 
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In Starting a New Engine be careful to let the "m- 

ings be sliglitly loose. 

At First give only enough steam to just keep the engine 
going, and keep the hand on the throttle- valve ready to 
off steam instantly, if occasion should require. 
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PART XT. 



PUMPS. 

PampS are Diyided into the following classes: 

Uft Pumps iJi which the water flows freely away from 
"tie pump, which performs lifting duty only. 

Fore6 Pumps which deliver the water under pressure. 

Plnn^r Pnmps in which a "plunger "or ^'ram," as it la 
sometimes termed, is used. 

Piston PnmpS have a piston instead of a plunger. 

A Donble Acting pnmp is one in wliich water enters 
into and is delivered from the pump at each stioke of its 
piston or plunger, or in other worde, one in which, while 
water is being drawn in on one side of the piston, it is also 
being forced out on the other side. 

A Single Actin&r pump is one in wliich the water enters 

the pump barrel during one piston or plunger stroke, and is 

expelled from the pump during the next stroke, hence the 

action of the suction and of the delivery is intermittent^ 

althougb the pump is in continuous action. 

s 
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For Tery Heayy pressures plunger pumps are genenH] 

ustMi, the plunger being termed a ram. 

The Advantwe of the plnoger or ram, is that i^ gi\« I / 

a positive displacement, whereas in a piston pomp a kiky ■ (^ 
piston {K*rniitis tlie water from the suction sidetopaBBthroo^ f (J 
tilt' U*ak in the piston through the delivery side. 

Piston pumps possess the AdTantage that then a 

loss ilitlerence l>etween the contents of tlie pump and thedlB- 
plaromoiit than is the case in plunger pumps. 

The Displacement of a piston pump is found by mul 

tiplyiiig the art'a of the pump bore, by the length of the pis- 
ton-stroke. 

The displacement of a plunger pump is less than the above, 
by reason of there being a certain amount of clearance or 
splice between the circumference of the plunger, and thatoi 
the cylinder-bore. 

It is Desirable to Keep the clearance space in all pumpe 
as small as the <*onditions will allow, especially if the pump 
is lia]>lo to lose its water. 

Losing the Water means the falling of the suction water 
back into tlic source of supply, which may occur when the 
(Migine has to stop temporarily, and there is a leak in the 
suction valves. 

Rotary pumps are those in which the piston revolves, 
an example of th(i most succssful form of rotary pump being 
that used in llie Silshy fire engine. 

The advantage possessed by a rotary pump is that it keeps 
tlie water passing through the suction in a continuous and 
uniform stream, as it has no valves. 

It may therefore l>e run at a high velocity, or attached 
direct to the engine sliaft. 

If a Rotary pnmp Leaks the efficiency is not impaired 
so much as in a piston or plunger pump, all that is necessary 
being to run the pump at a high speed. 
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The principles of action of a pump may be understood 
m Fig. 83 which represents a single-acting plunger pump 
Own in section, and with the suction pipe in a tank of 
r, the pump being empty. 

The Surfaeo of the water in the tank has the pressure of 
^*ie atmosphere resting upon it, and as the pump is filled with 
•ir the surface of the water within the pipe is also under 
•tmospheric pressure. 

Now Suppose the Plunger to move to the right, and 
•8 no more air can get into the pump that already within it 
"Will expand, and will therefore become lighter, hence there 
"^^1 be less pressure on the surface of the water within the 
suction pipe than there is on the outside of it. and as a result 
^e water will rise up the pipe, not because the plunger draws 
It but because the air outside the pipe presses it up within 
^© pipe. 

The water inside the pipe will rise above that outside in 
pt'oportion to the amount to wliich it is relieved of the pres- 
sure of the air, so that if the first outward stroke of the 
plunger reduces the pressure within the pump from 15 lbs. 
^14 lbs. per square inch (15 lbs per square inch being as- 
sumed to be its normal pressure) the water will be forced up 
the suction pipe to a distance of about 2 J feet, because a 
column of water an inch square and 2^ feet high is equal to 
1 lb. in weight. In Fig. 84 the pump plunger is shown to 
have moved enough to have permitted the water to rise above 
the suction-valve, and it will continue to rise and enter the 
pump barrel as long as the plunger moves to the right. 

When the plunder Stops the suction-valve will fall back 
to its seat and enclose the water in the pump, but as soon as 
the plunger moves back to the left hand and enters the pump 
barrel further, the delivery- valve will lise, and the plunger 
will expel from the pump a body of air or water equal in 
yolumij to tbe cubical content? of the plunger, or rather of 
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that part of it that is within the barrel, and displaces water. 

If the Plnngor was at the end of its first stroke to the 
right and the pump half filled with air, then this air will be 
expelled from the pump before any water is; whereas if the 
pump was filled with water the latter only will be delivered. 

Now suppose the first plunger stroke reduced the air pres- 
sure from 15 to 14 lbs. and that the second drawing stroke 
of the plunger reduces the air pressure in the pipe to 13 
pounds per inch, the water will rise up it another 2^ feet, 
and so on until such time as the rise of a column of water 
within the pipe is sufficient to be equal in weight to the pres- 
sure of the air upon the surface of the water without; hence 
it is only necessary to determine the height of a column of 
water that will weigh 15 pounds per spuare inch of area at 
the base of the column to ascertain how far a suction-pump 
will cause water to rise, and this is found by calculation or 
measurement to be a column nearly 34 feet high. 

It is Clear Then that however high the pump may be 
above the level of the water, the water cannot rise more 
than 34 feet up the suction pipe even though all the air be 
excluded from it and a perfect vacuum formed because the 
propelling force, that is the atmospheric pressure can only 
raise a column of water equal in weight to itself, and it is found 
in practice to be an unusually good pump that will lift water 
thirty feet. 

Fig. 85 shows the plunger making a delivery stroke, the 
suction valve being closed and the delivery valve open where 
it will remain until the plunger stops. 

To Segnlate the quantity of water the pump will deliver 
in cases where it is necessary to restrict its capacity as in the 
case of maintaining a constant boiler feed without pumping 
too much water in the boiler, the height to whi(?h the suction 
valves can lift must be restricted, so as to limit the amount 
9f water tha( qan ^nter the pump at eaqh drjiwing stroke, 
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Th© Dellvory valve should lift no more than necessary 
^43 give a free discharge without causing the valve to seat 
"^iwth a blow; but if the pump has a positive motion, the de- 
livery valve must open wide enough to let the water out or 
predsnre enough may be got up in the pump to break it. 

A. Check Valve is merely a second delivery valve placed 
close to the boiler and serving to enable the pump to be 
taken apart if occasion should arise, without letting the water 
out of the boiler. 

The lift and fall of both valves acts to impair the capacity 
if the pump. Thus while the suction valve is falling to its 
seat, the water already in the pump passes back into the suc- 
tion pipe, and similarly while the delivery valve is closing, 
the delivery water passes back. 

A Foot Valye is virtually a second suction valve placed 
at the bottom or foot of the suction pipe. 

The Capacity of a pump is from 70 to 85 per cent of 
the displacement of the plunger or piston, and varies with 
the speed at which the plunger or piston runs. 

If a Pnmp BnnS Too Fast, the water has not sufiBcient 
time to follow the piston or plunger, especially if the suction 
pipe has bends in it, as these bends increase the friction of 
the water against the bore of the pipe. 

The Speed of the Piston or Planfi:er should not ex- 
ceed such as will require the water to pass through the suc- 
tion pipe at a speed not ^eater than 500 feet per minute, 
and better results will be obtained at 350 feet per minute. 

An air chamber placed above the suction pipe of any pump 
causes a better supply of water to the pump by holding a 
body of water close to it, and by making the supply of water up 
the suction pipe more uniform and continous. Air chambers 
should be made as long in the neck as convenient, so that the 
water in passing through the pump-barrel to the delivery-pipe 
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In the Blake steam pump there are two valves to the 
steam cylinder, one being termed the supplemental piston, 6, 
Fig. 86, and the other the main valve, D. 
The latter is seated upon a movable seat C, having steam 
ports E E' and exhaust port K and being operated by the 
arm T striking the collars or tappets O 0', alternately the 
action being as follows: 

When the piston arrives at or near tbe end of its stroke 
the arm T on the piston-rod, moves the collar O' and the 
valve 0. This merely opens the auxiliary ports N, Fig. 86, 
which have been covered by the lap S and S'. 

These ports admit steam at once to the end of the supple- 
mental or driving- valve piston B, which therefore moves 
endwise and opens the main slide valve D, which admits 
steam to the main piston A. The exhaust ports X and X^, 
for the auxiliary piston, are shown in Fig. 1 of Fig. 86, 
at R are shown the openings in the main valve, through which 
they free the alternate ends of the piston-valve. 

The Hain Piston A cannot strike the heads of its cylin- 
der, for the main valve always has steam lead, or in other 
words, steam is admitted in front of the piston just before it 
reaches either end of its stroke, even should the supplemen- 
tal piston B be tardy in its action and remain with D at that 
end toward which the piston A is moving, for C would be 
moved far enough to open the steam port leading to the 
main cylinder, since the possible travel of C is greater than 
that of D. This is a special feature, peculiar to the Blake 
pump. 

The Sapplemental Piston B, cannot strike the heads of 
its cylinder, for in its alternate passage beyond the exhaust 
ports X and X' it cushions on the steam enclosed in the ends 
of its chest. 

The Ad|justment of this pump is confined to the position 
of the arm T and the collars or tappets 0'. 



25S MV TO E.VG1KES Ai\D ENOJN 



ONOJNE Rl-NNING, 




KEY TO ENGINES AND ENGINE RUNNING. 203 




270 KEY TO ENGlNiS AND ENGINE RUNNING. 

The distingaighing fefttures are that the plunger of each 
pump paoses at the end of each stroke to enable the. valves 
to seat without inducing reverse currents in either saction or 
delivery. 

This is accomplished by the mechanism that operates the 
steam valve, a general view of which is shown in Fig. 88, 
and a sectional view in Fig. 89. The arm B receiving motion 
from a piston-rod actuates (through a rock-shaft Y) the valve 
spindle R for the steam valve v of the other cylinder. 

The end Ports &re for the live steam, and the ports e ^ 
are for the exhaust ports in which the steam is compressed as 
the piston nears the end of its stroke. The block on the 
valve-stem has a certain amount of lost motion in the pocket 
in the back of the valve which has no lap, and it is to thiB 
lost motion that the pause at the end of the piston-stroke i5 
due. 

The Adjnstmento of this pump are first to regulate the 
compression so that the piston-stroke will not be too short, 
means being provided for this by a valve connecting the 
steam and exhaust passages, so that after the piston has pas- 
sed over the exhaust port and closed it the compressed steam 
may pass from the exhaust port into the end or steam port 
if necessaa'y, and thus enable the piston to travel the full 
length of stroke. The second adjustment is the amount of 
lost motion given between the movement of the valve-rod 
and the valve, and the more lost motion there is the later the 
port opens for the live steam. 

The pump is made in several forms, thus for very heavy 

pressures on the delivery side the plungers nearly fill the 
pump barrels so as to leave as little clearance as possible. For 
brewery purposes a piston instead of a plunger is used, while 
for ordinary purposes the construction is as shown in Fig. 90 
the suction chamber extending along the full length of the 
pump cylinder, and containing a number of small valves 
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^J^^^isting of rubber disks with spiral springs at their backs. 
**xe delivery valves correspond to the suction valves, being 
*^^^^^ged along the bottom of the delivery chamber. 



INJECTORS. 

^6 principle upon which an injector works is that the 
^^am, on meeting the water, is condensed and the water 
^^^ceives the power that was contained in the steam, and the 
^ater continues to receive this power until it contains suffici- 
^^t to enter the boiler. 

The OTOr-flow of an Iiyectbr permits of a circulation 
^ take place until the water has received enough power from 
ttie steam to be able to enter the boiler. 

The flow of Water into an injector must be free and 
Unobstructed as any impediment will stop it from working. 

When tlie Water contains foreign matter the suction- 
pipe of the injector must have a strainer upon it, and this 
Btrainer should not lay at the bottom of the source of supply. 

If the Injector gets Hot from any cause, as from a leak 
in the check- valve, it will not work, because the steam will 
not condense fast enough. 

Iiyectors UsnaUy WOrlt Best at the higher pressures of 
steam. 

It is as Necessary to keep all the joints ot an injector 
tight, as it is those of a pump. 

The Nozzles of an Iiyector must be in line or else the 
steam will impinge against the sides, and this will impair the 
action. 



PART. XIL 



SIMPLE CALCULATIONS FOR 

ENGINEERS. 

<'It is the first step that costs' ^ is an adage that is very ap- 
plicable to those who understake the duties of an engineer 
without some knowledge of calculations, hence the following 
information is written with a view to lay an easily acquired 
foundation, wliich will enable an engineer to make simple 
calculations, and with the aid of books educate himself upon 
the more difficult ones. 



DECIMAL FRACTIONS. 

By far the greater part of the calculations a beginner is 
likely to be called upon to make, may be made by the use of 
decimal fractions, which are easy to understand and to apply. 

A fraction is a part of any thing, and it is clear that we 
may express the proportion, a part of anything bears to the 
whole of it in either tenths, hundredths, thousandths or mil- 
lionths and thus obviate the use of vulgar fractions, such as 
halves, quarters, thirds, fifths, sevenths, eights or ninths. 

The sign that the figure is a decimal (or that the figures 
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;imalsy as the case may be), is a dot placed before them 
1 is eleveriy while .11 is eleven one-hundredths, the 

A sign or point being the dot. 

in, 5 reads five while a dot before the .5 makes it 

I five or five tenths. 

ecimal fractions the first figure on the left represents 
the second hundredths and the third thousandths. 

s .101 is one tenth no hundredths and one one-thousandth 

kt is the same thing, one hundred and one thousandths. 

nany cases, however, and whenever there are more 

iree decimal figures they are simply called off, -2568 

be called ^^decimal two, five, six, eight**, 

ecimals the addition of the figure 0, or cipher as it is 

, on the right hand does not alter the value of the 

n, thus '200 expresses, or is two tenths, no hundredths 
thonsandths. 

if we add ciphers to the left hand side and move the 

1 point forward, we decrease the value ten times for 

pher added thus -002 is two thousi^ndths, 

.1 is one tenth 

.2 is two tenths 

.3 is three tenths 

.4 is four tenths 

.5 is five tenths 

.9 is nine tenths 

.91 is nine tenths and one, one hundredth. 

ADDITION OF DECIMALS. 

dding up decimals, all that is necessary is to proceed 

' as in simple addition, and put the decimal point 

the decimal point of the figures added, thus: 

1.000 
.125 
.018 
.100 
.001 

1.244 
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We nuLj anmnge ftnd exprefls the figures in another vif |i 
however, thos: 

1+. 125-1- .018 + .100-1-. 001 = 1.244 

The sign -|- means plos or added to, and the agn = mew 
eqiiaU, is equal to, or amounts to. 

The decimals alone may, however, give some whole mm* 
bers, thus: 

.967 
.863 
.501 

2.350 



which is ttoo and thirty five hundredths. 

SUBTBACnON OF DECIMAL& 

In subtracting decimals we proceed exactly the same as in 
simple subtraction, placing the decimal point in the answer 
beneath the decimal point in the figures abore, thus: 

From .96482 From 2.00801 

Take .78901 Tike L97641 



Bemainder .17581 .03160 Ttm»>ifwUrr 



We may, for convenience, state this without figuring it out 
in another way, thus: -96482 — .78601 = 17581. 

The sign — means minus or less. 

In placing the figures in this latter way, however, we wtm- 
ly state that the first sum, less the second sum, eqpHb the third 
sura or answer. 

MULTIPLICATION Of BEGIMALa 

In the multiplication of decimals we proceed the same as in 
^ multiplication of whole numbers, but point oS in the 
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answer as many decimal figures as there are decimals in both 
the multiplier and multiplicand. 

.918 mnltiplicaiid 
.981 multiplier 



918 
7344 
8262 



.900558 sum or answer 



Here there are three decimal figures in the multiplicand 
and three in the multiplier or six in all, hence we place the 
decimal point before the sixth figure in the sum or answer. 

The presence of whole numbers and decimals makes no 
difference, thus: 

.9 8 7 mnltiplicaiid 
2.5 moitiplier 

4935 
1974 

2.4 6 7 5 sum 



or 



.0001 mnltiplicaiid. 
2 1 multiplier. 

0001 
0002 



0.0 2 Isnm. 



In the last case, the two ciphers on the left may obviously 
be omitted, as they are in the place of whole numbers, repre- 
sent nothing, as the answer reads two hundredths and one ten 
thousandth or decimal naught j twOj naught, one (.0201). 

"We may state this in another way, thus: 

.0001x201=. 0201 

The sign x meaning multiplied by, and the sign = equals, 
comes to, or becomes. 
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There must always be as many decimal figures in the sum 
or answer, as there are in the multiplier and multiplicand 
added together. 

Example. Multiply .002 by .006 

.0 2 three decimals ) 

.006 three decimals > six decimals 



.00 00 12 SIX decimals 



Examples for practice. Multiply .812 x .25 

'' 2.010 X .018 
*^ .001 X .014 



DIVISION OP DECIMALS. 

In division of decimals we proceed as in common or simple 
division, but the pointing off of the decimal point in the 
answer or quotient requires attention. 

Example. Divide . 7 2 1 8 by . 6 

divisor dividend 
.6) . 7218 

.1203 q uotient or answer. 

We may state this in another way, thus: .72 18 —.6 =.1203. 

The sign -^ means divided by, and the sign = means 
equals, as in the previous examples. 

When there are as many figures in the divisor as there are 
in the dividend, the quotient will contain whole numbeis, 
unless additional ciphers are added to the dividend. 

Example. Divide 74.448 by 12.448 

divisor dividend 
12.408) 7 4.4 4 8 (6 quotient or ansTTer. 

74448 

no remainder. 
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In the above example the division goes just six times into 
the dividend without leaving a remainder, and as there are 
ss many decimals in the dividend as there are in the divisor, 
the 6 is a whole number, but when there are more decimal 
figures in the divisor than in the dividend, we must add 
ciphers so as to make them equal in number and the quotient 
will be all in whole numbers unless there is a remainder. 

Example. Divide 43 by 5.375 

divisor ^^^ 

6.375) 43.'000 (8 quotient. 
43 OOP 

no remainder. 

We have here added three ciphers to the dividend because 
there are three decimals in the divisor, and as there is no re- 
mainder the answer is 8 in whole numbers. 

If there are more decimals in the dividend than there are 
in the divisor, we must add enough ciphers to the left hand 
of the divisor to make it contain as many decimal figures as 
the dividend does. 

Example. Divide 123.365 by 22.43. 

added _ 

^ dividend. 

divisor. 2 2.43 0) 1 2 3.3 6 5 (5.5 quotient or answer. 

112150 

remainder. 112 15 ,^ this cipher added. 
112150 



no remainder. 



As there were three decimal figures in the dividend, we 
added a cipher to the divisor giving it three also and we 
found it went five times, and the first figure (5) in the answer 
is a whole number. To the remainder, (11215) we added 
another cipher and this makes the next figure (the second 5) 
^ decimal^ hence the fi^n^w^r is 5.5 or Jive and five tenths. 
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If there had been a second remainder, a cipher would re- 
quire to be adedd to it, giving two decimals or "two places of 
decimals'* as it is termed, in the answer. We may continue 
adding ciphers to the remainder as long as there is a remain- 
der, but it is accurate enough for ordinary calculation, to 
carry the quotient or answer to three places of decimals. 

In some cases there will always be a remainder, and we 
may get a certain run of figures in the quotient. These are 
called reciprocating decimals^ because they reciprocate or come 
back again. 

.18). 39(2.166 
36 

30 
18 



120 
108 



120 
108 

1 2 remainder. 



Here we may keep on adding ciphers to the remainder, 
thus getting the answer more correct, and if we desire to do 
this, we have sinply to add as many figures 6 to the answer 
as we like, but as before stated three places of decimals is 
usually accurate enough. 

We may state the result without carrying out the process 
of figuring. Thus: .59-^.18=2.166-1- which stated in lan- 
guage reads thirty nine divided 5y .18 equals two, and one hun- 
dred and sixty six thousandths and a remainder, the sign -f- 
meaning plus or that there is something over. 

Another method of stating the result without giving the 
figuring by which it is arrived at, is as follows: 

.39 

= 2.166+ 

.18 

B^ placing the .39 ov^r tb^ .18 and putting a l|ne b^tweeHi 
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it is understood that the .39 is divided by the .18 

In some cases the results will be more accurate if, in the 
case of a reciprocating decimal, we put the next higher deci- 
mal. 

For example, suppose the figures were 2.99 plus, and the 
first figure after the plus or remainder is greater than 5, then 
it would be more accurate, if only 3 places of decimals are 
used, to discard the decimals altogether and say 3, or if the 
figures were 2. 9 79 -J- it would give results more nearly cor- 
rect to use the figures 2.98 putting a minus sign — after the 
8 (thus 2.98 — ) to show that the 8 is too much, but the near- 
est that can be got. 

The signs we have given may be employed to advantage 
when it is desired to state a result, and how it is obtained 
without carrying out the process of obtaining it. Thus: 

.18 

X 4 -^ 3 = 266+ 



.9 

This is a short way of stating the result, which we may 
work out as below: 

.9). 18(2 
18 4^ 

3)8.00 



2.6 6 



The most difficult questions or sums in decimals are, to 
beginners, those in which the places of tenths, hundredths 
and thousandths' are occupied by ciphers. 

Example. Multiply .003 by .002 



.0 3 
.0 2 



•000006 
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Uere we multiply 3 b j 2 and get the 6 and then add to 
the left of the 6 as manj ciphers as will make the sum or 
answer contain as many decimal ciphers as will make it con- 
tain as many decimals figures as the multiplicand and mul- 
tiplier both put together, thus there are tliree decimals (.003) 
in the multiplicand and three in the multiplier (.002), or six 
in all, and there must therefore be six decimal figures in the 
sum or answer, hence we add five ciphers to the lefi of the 
figure and place the decimal point to the left 

A similiar example in division is as follows: 

Example. Divide .003 by .000006 . 

First put down the dividend, adding three ciphers to it 
so as to make it contain as many decimals as the divisor does. 
Thus: 

.000006).003000(600 
30 



We then disregard the ciphers to the left of the 6, and 
those on the left of the 3, and divide the remaining figures, 
finding that the quotient is 500, which is a whole number, 
because there are an equal number of decimals in the divisor 
and dividend. 

We may prove the process by multiplying the .000006 by 

500 

.00 06 

500 



0.0 3 



A second example is as follows: 

Divide .05 by .00007 . 

In this case the last three figures in the quotient or answer 
are decimals, because we obtained them by adding ciphers 
after all thosQ in the dividend had be^n usedt 
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.00007). 06000(714.285 
49 

10 

7 



30 
28 

20 
14 



60 
56 



40 
35 



REDUCING FRACTIONS TO DECIMALS. 

To reduce a fraction to decimals or find its decimal equiva- 
lent, as it is sometimes termed, we proceed as follows: 

Rule. Divide the numerator of the fraction by the 
denominator. 

Examples. Reduce ^ to decimals. 
Numerator 1 



Denominator 4 Then 4). 100 



.25 



After we have put down the 4 as a divisor and the 1 as 
a dividend and find that the 4 will not go into the 1, we 
add a cipher, which makes the quotient decimals. 

Reduce } to decimals. 



4)300 



.75 



Reduce f to decimals. 



8)7000 
""7876 
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i- ^uM^^s zl ^iteetaais. boi we might if great 
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146 
•1S2 
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-lakiaL 
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«3ifr MSBisftl eqafrakat of 


1 
32 





ai)i.i»(.«8ii5 






ISO 
ISO 



In this example we first pat down the 32 as divisor and 
the one as a divid«!id. and as it will not go, we add a cipher 
and begin the decimals, but 32 will not go into 10, hence we 
place a .0 in the quotient and add another cipher to the divi- 
dend, and the divisor will then go three times. If it would 
not have gone this second time, we would have to add another 
cipher to the quotient and then another cipher to the divi- 
dend, and try again as in the following example: 
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1 
What is the decimal equivalent of 



1216- 



1216) 10000 (.0008214 
9728 

2720 
2532 



1880 
1216 



5640 
4864 

776 



CONVERTING DECIMAL FRACTIONS 
INTO VULGAR FRACTIONa 

In mechanical calculations we usually want the fraction in 
halves, quarters, eights, or sixteenths, hecause these are the 
suhdivisions of inches and lbs., but we may convert the deci- 
mals into fractions of any required denomination by multi- 
plying them by the denomination we want the answer in. 

Example. Convert .75 into quarters or fourths. 

multiplicaiid. 
.75 
4 

answer = 3.00 

In this example we have multiplied the decimals by four, 
because we want the answer in fourths, and after pointing off 
as many decimals in the answer as there are in the multipli- 
cand, there is a three left, hence the number of quarters in 
.75 is 3 or .75 = }. 



286 KEY TO ENGINES AND ENGINE RUNNING. 

Express .234375 in eighths^ sixteeuths^ and other of the 
usual divisions of an inch. 



.234375 

8 [there are 8 eig^itiis in an inch.] 



one eighth 1.875000 

2 [there are 2 sixteenihs in an eighth.] 

one sizteenth 1.750000 

2^ [there are 2 thirty-eeconds in a 8iEteeQth.i 

one thirty-second 1.500000 

2 [there are 2 aixty-f onrths in a thirty-fieoonil 

one 8izty-f onrth 1.000000 

Answer f ^, A» A o'H- 



PBOPOBTION OF DEGDCALa 



By proportion of decimals we may solve a great many ques- 
tions that are liable to arise in the engine room. 

Suppose, for example, that we have a tank of water for 
boiler feeding and that we find the water drawn from it 
causes its level to lower 8 f inches in 12 hours, and that at a 
certain time there remains in it a depth of 4 Of inches, then to 
find out how long the water will last, we proceed as follows: 

Question. If 8f inches of water lasts 12 hours, how long 
will 41|^ inches of water last? 

Here we have three quantities given to us, two of which 
are inches, and others hours, and we put three quantities in 
a row, with the odd one in the middle as below. 

Inches. Hours. Inches. 

8f 12 41f 

Now we have got to first multiply the 12 hours by one of 
these numbers of inches, and then divide by the other num- 
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ber of inches, and to decide which to multiply by, we con- 
sider whether the answer is to be greater or less, or what is 
the same thing, more or less. 

In this case it will be more or greater, because it will take 
a greater length of time, or more time to empty the tank 
than i2 hours, so we multiply the 4 If by 12 and divide by 
the 8f hours, and the quotient will be the answer. 

But before we do this we must convert the f and the f into 
decimals and having done this the question will appear as 
follows: 



inches. bonis. inches. 
8.375 12 4 1.6 2 5 

V^ 

8.375)4 9 9.5 0(59.629 
4 1875 

80550 
75375 



53750 
51250 

25000 
16750 

82500 
7 5375 

7125 



The answer is 59.629 hours. 
To find how many minutes the .628 are equal to we mul- 
tiply them by 60, because there are 60 minutes in an hour, 
thus: 



.6 2 9 

6 [there are 60 minntes in an hour. 



three minntes 3.7 7 40 

60 [there are 60 seconds in a minute. 

forty-fidz seconds 4 6.6 4 
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The usual method of stating the above question would be 
below: 

first term. second term third term 
18.875 22.6875 8.375 

This means that the proportion 188.75 bears to 22.6875 as 
that which 8375 bears to the answer. But in stating the 
question in this way we are to consider which is to be the 
first term; because we always multiply by the third term and 
divide by the first term. 

If the answer is to be less, the smaller number or figure 
occupies the first place in the proportion, the other number 
or figure of the same denomination of the first quantity occu- 
pying the third place in the proportion, and the odd quantity 
always occupies the second; but if the answer requires to be 
more, then the largest number takes the first place in the 
proportion, and the lesser number the third. 



SQUARE ROOT. 

If we multiply a number by itself, we what is called square 
it, thus 4 X 4 = 1 6, or 4 squared gives 16, and if we extract 
the square root, we bring the 16 back to the 4 again. 

The first power of a figure or number is itself, thus the 
first power of 4 is 4. The second power of a number is the 
sum obtained by doubling it, thus the second power of 4 is 8. 

The third power of a number is the sum obtained by mul- 
tiplying it by itself three times, thus the third power of 4 is 
64. Thus: 

4 X 4 X 4 = 64 

or to carry out the process. 
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4flz8ipower. 

4 



16 aeoond power. 
4 



64 third power. 
4 



256 



The sign that a number is squared, is a « placed on ita 
right, thus 4« means 4 multiplied by itself or squared, the 
s representing the second power. 

In square root we are simply given the second power of a 
number and required to find what that number is. Suppose, 
for example, we know that the area of the end of a bar is 
16 square inches, and we wish to find the size of the bar, 
then by extracting or finding the square root we get 4 and 
4 inches square would be the size of the bar. 

Example in square root. 

What is the square root of 186624? 



186624(432 quotient 
16 



first divisor, 83) 266 

249 



second divisor, 8 62) 1724 

1724 



Beginning at the right hand figure (the 4) of the given 
number we mark, along every second figure to the left, a dot, 
as seen over the 2 and the 6. The last figures to the left of 
a dot are, in this case, 18, and we must find what is the high- 
est number that, multiplied by itself, will give either 18 or 
less than 18. This we know to be 4, hence we put a 4 in the 
quotient, and its square (16) under the 18, and by subtraction 
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2 remainder. Then we bring down the next two figures 
and place them beside the 2, getting 266. 
"We have now to get a divisor for this 266, and this we do 
multiplying the 4 in the quotient by 2 which gives 8, and 
8 we place as tlie first figure in the divisor. This 8 we 
^i^ide into the 26^, as follows; 8 into 26 goes 3 times. 
-A^nd this 3 we place after the 4 in the quotient, and also after 
tile 8 in the divisor. The number now stands thus: 



186624(43 
16 

83) 266 

"We next multiply the divisor 83 by the three in the quo- 
tient, and get 249 which we place under the 266 and subtract 
getting a remainder of 17. Next bring down the 24 from 
the dividend and we have 1724, the sum standing thus: 



186624(43 
16 

83) 266 
249 

1724 



To get the second divisor (for the 1 724) we first multiply 
the 43 by 2 and get 86, which are the first two figures in the 
divisor, and placing the 2 we multiplied by in the quotient 
making it 432. 

To get the third figure of the second divisor we divide its 
first figure (8) into the 17, and as it goes twice we put the 2 
into the second divisor and multiply this divisor by the 2 in 
the quotient, and as 862x2=1724 the sum is complete, the 
answer being 432. 

In this example ther^ was no remainder^ but if there ha<J 
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been one we could carry tbe scdntkm faxthex' bj iddiig 1 
ciphers and proceed as before. 

Example. Find the square root of 189797 



186297(432.2 
16 

83 267 
249 

862 



1897 
1724 



8642 



1 7 3 [these two cipfaeci added,] 
17284 



16 



Answer, 432.2 

We may now point out that in getting the first divisor it is 
sometimes necessary to take, for the first figure of the 
divisor, a lesser figure than would at first i^pear proper. 

Example. What is the square root of 702. 



702(27 
4 



47)302 
329 

Here we find that the 7 in the divisor is too high a figure 
Iwicause when multiplied by the 7 in the quotient it gives 329 
wliich is more than 302, hence, instead of using the 7 we 
must use a 6, and proceed as follows: 



702(26.5 

4 



46) 302 
276 



Second divisor, 



525) 2600 
9629 
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we haTe ccme lo ciip 
"^^lieri^it hand figure of t2»e SMC»d oiisr w5C |^ S 
£aito the fiist two figures (^ of like diraocB^l ]k« w^kk w^ 
^»me to moltipij the second dirsw br t^ 5 ia iJie qvorau 
"%re get 2625 which is moie tbaa ^i&M. bcsm we m«si tsike 4 
^^rhich is the next lowest fi^^ue to >. and p i o cee d as follows: 



7«3(1<L49S 

4 

4€)30S 

i09€ 



5S89) 50400 
47€01 



52985) S79900 
874985 

4985 
The answer is therefore 26.495 

We may now take an example in which there are decimals 
m the given number. 

Example. What is the square root of 814.5625? 

When there are decimals, as in this case, we point off every 
second one of the whole numbers beginning at the right 
hand, as in previous examples, but in the case of the deci. 
mals we begin at the left hand and put the point above every 
second figure, thus: 

715.5625(26.75 
4 

fiistdiviflor 46)315 

276 

second devisor 527 ) 3056 

3789 
third devisot 5345 ) 26725 

26725 



f I • • » 



Answer 26,79 
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CUBE BOOT. 

In cube root we are given a certain number that is the 
third power of some other number, and we are required to 
find out what that number is, the process being as follows: 

Ebcample. Find the cube root of 54.872 



64872(3 
27 

27872 

We first mark a dot above every third figure beginning on. 
the right hand, there being in this example one dot or point 
over the 8. 

The figures to the left of the point are 54, and we have to 
find what number cubed (or in the third power) comes nearest 
to this 54 without being more than 54. 

If we try 4 we find that its third power is 64, thus 4x4 
X 4 = 64 , which is too much, so we try 3 and find its cube 
or third power is 27, hence we place the three in the quotient 
aud the cube of 3, which is 27, under the 54 and subtract, 
which leaves 27. 

We then bring down the next three figures and we have 
27872. The next step is to multiply the first figure in the quo- 
tient, the 3 in this case, by 3 and thus get 9, which we place 
well out to the left of the 27872, the sum now standing thus: 

54872(3 
27 

9 27872 

Next multiply this 9 by the figure in the quotient (3) and 
place the result to the ri^ht of the 9, thus; 



I 

i 
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54872(3 
27 

9 27 27872 

rhe figures 9, 27 and 27872 all being on a line^ then put two 
iphers after the 27 making the figures stand thus: 

54872(3 
\ 27_ 

9 2700 27984 

This 2700 is called the trial divisor^ and we want to find 
how many times it will go into the 27984 without coming too 
close to it, and if a number comes too close to it we had better 
choose the next less one; suppose, however, we try in this 
case 8 and we put the 8 in the quotient after the 3, and also 
to the right of the 9, the sum standing thus: 



54872(38 
27 



98 2700 27872 



Ve then multiply the 98 by the 8, and put the product 
under the 2700, the sum then standing thus: 



54872 ( 38 
27 



98 2700 27872 
784 

By adding the 2700 and the 784 together, we get the cor- 
rect divisor, which in this example, is the 3484; we then 

54872(38 qnotient. 
trial divisor. 27 



98 2700 

784 



ccnrect divisor. 3484 



27872 
27872 
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bj the 8 in the quodent and fet 
the remainder of the fim difb 
nothing, hence the cabe root 



I^cutfnu. £mnibea&be root of 14584^2732946 



USi 



UIK 



ll^TSS 



A 145842732946(5968 
^ 125^ 

7^ 20842 
5608 



811S0OI 5234732 
9896 

4923576 



«30028Da 311156946 
47349 

249150447 



«'«)060149 



62006499 



.•.4>. 4-. 



T.' f.?}.: il)^ £:«t i^w %Qi«s <!kf the answer. 

TV4r...T.:T-*: ot. lir.-* r^^i hand, the figures are pointed off 
.r.Tc^ctx I'^^iniii: li^ oa ihi^ lefl; S is the nearest cube root 
vt .4^. ft.::!^ u.^ nut^ <!^ 3 ts 123: place the 5 as the first 
r.cv.Tc of *^;e c^^oaienTn and the 125 beneath the 145 and sub- 
:rfco:. ^:^i V.nr.g oomna ihe next three figures, which are 842, 
r..Ak.r.*: i:.e :r>er..a;nder so far 20842, multiply the 5 by 3, 
^^ \ 3 = 1^> and yui iLe 15 on a hne with the 20842, but 
woU :o the >:i of ii; multiply the 15 by the 5 (5 x 15 = 75), 
&r.d put the T5 on A line with the 15 and add two ciphers to 
i: tiuis getiing 7500 a? the trial divisor. As this trial divi- 
s<^r woulti go twice in the 20842 we put 2 in the quotient, 
aiui also after the 15 gening 152, which we multiply by the 
2 and get 304. which we add to the 7500 and get 7804 as 
the correct divisor. 
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^^ -f-his correct divisor we multiply by the 2 in the quotient, 
ig 15608, which subtracted from 20842 leaves 5234 re- 
ader. Then bring down the 732 thus getting the 5234732 

* o find the third figure of the answer. 

-M^tiltiply the first two figures (52) in the answer by 3 (52 x 

^== 156) and place the 155 well out to the left. Add to- 

S^ther the first correct divisor, the row of figures next above 

^ Hud the square of the last or right hand figure in the quo- 

^iit, thus: 

Itow of figures next above the correct divisor 304 

The correct divisor 7804 
Square of the last figure (2) in the quotient 4 



8112 



^*id this number, 8112, with two ciphers added on its right, 
^ the trial second divisor. It will go 6 times, so put 6 in 
*te quotient and 6 to the 156, making it 1566; multiply the 
*566 by 6 = 9396; put this under the new or second trial divi- 
^rand add it to this new trial divisor, getting 820596 as the 
^©w or second correct divisor, which multiplied by the 6 in 
ttie answer gives the 4923576, which subtracted from the 
S23'4732 leaves a remainder of 311156; bringing down the 
946 we get 311156946. 

To find the fourth figure of the answer. 

Multiply the quotient, 516, by 3, thus getting 1578, which 
We place well out to the left. Add together the second cor- 
rect divisor, the figures next above it, and the square of the 
last figure in the quotient, thus: 

Row of figures next above the 2nd. correct divisor 9396 

Correct 2nd. divisor 820596 
Square of last figure, 6, in the quotient 36 

830028 
This 830028 with two ciphers added is the new or third 
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trial divisor, which we can see will go 3 times into the 3111 
56946, so we put 3 in the quotient and also on the right of 
the 1578 getting 15783, which we multiply by 3 getting 
47349, which we add to the third trial divisor and get the 
third correct divisor. This we multiply by the last figure, 3, 
in the quotient and place under the 311156949 and subtract^ 
getting 62000499 remainder. 

The answer is therefore 5263 with a remainder. 

We may carry the answer into decimals to get it more 
nearly correct, by adding to the last remainder (62006499) 
three ciphers, and proceeding as below, thus: 



let trial divisor ^ 125 

152 7500 

804 

l8t oorreci diyisor 0*7804 

1566 811200 



145842732946 ( 5263.7 



20842 



15608 



9396 



2nd. correct diyisor 1^*820596 



5234732 
4923576 



15783 

3rd. correct divisor 
157897 



83002800 
47349 



311156946 



83050149 

8309750700 
1105279 



249150447 



4th. correct divisor 8310855979 



62006499000 



58175991853 



3830507147 



Multiply the quotient, 5263, by 3 giving 25789, which we 
place well out to the left. Add together the last correct 
divisor (83050149) and the row of figures next above it, 
(47349), and the square of the last figure (9) in the answer. 



thus: 



83050149 

47349 

9 

83097507 
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ftnd then add to it two ciphers, thus getting the trial divisor 
which we see will go 7 times, hence we put a 7 in the quo- 
tient and also to the right of the 15789 making it 157897, 
we multiply by 7 and put it beneath the trial divisor and add 
it to it, thus getting the correct divisor which we multiply by 
7 and then by subtraction get a remainder of 3830507147 to 
which we may add three ciphers and proceed as before to 
get the second place of decimals. 



CALCULATION INVOLVING THE MEASUBEMENT (OR 
MENSURATION) OF AREAS. 



An area is a surface, either real or imaginary, and there 
fore has neither depth or thickness. 

As the strengths of metals and the pressure of steam are 
usually stated in terms of the square inch, therefore the 
engineers calculations will mostly be in terms of the square 
inch. 

A square inch is the surface enclosed within a square, the 
length of each of whose sides is an inch. 

A circular inch is the area enclosed within a circle whose 
diameter is an inch. 

A paralellogram is a figure whose opposite sides are paral- 
lel, as in the case of Figs. 91 and 92. 




Fig. 91. 
As all the angles in Fig. 91 are right angles it is also called 
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a rectangular figure; while as its length is greater than its 
width it may also be called an oblong. 
To find the area of a paralellogram multiply the length by 



B 




Fig. 92. 

the breadth measured upon two edges that form an angle one 
to the other and meet, as do edges A and B in the respective 
figures. 

A triangle is a figure having three sides and three angles, 
as D 6 and C, in Fig. 93. The base is the side on which it 
appears to stand, while the altitude or height is that of a ver- 
tical line drawn from the apex as dotted line A. 

To find the area of a triangle. 




B 

Fig, 93. 

Rule. Multiply the length of the base by one-half the 
altitude or height. 

A trapezoid is a < 'quadrilateral " or four sided figure which 
has two of its sides paralell, as in Fig. 94. 

Its altitude or height is the distance between its paralell 
sides, as E in the figures. 

To find the area of a trapezoid. 

Rule. Multiply half the sum of the two paralell sides by 
the altitude. 
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T" 
I 

|H 

I 
1 




D 

Fig. 94. 

In an ellipse the line A, Fig. 95, represents the "major," and 
line B the *<minor" axis. line A is, however, sometimes 
termed the "conjugate," and line B the "transverse" axis or 
diameter. 




Mg, 95. 

To find the area of an ellipse. 

Rule. Multiply the length of the major by that of the 
minor axis and the product by 3.1416. 

As steam pistons, pump plungers, pipes, bars of iron, and 
many* other of the things with which the engineer deals, are 
circular, while their areas are usually measured in square 
inches, therefore, the most frequent application of the cal- 
culation of areas will be those involved in finding the area of 
circular surfaces, or enclosed within circles of a given 
diameter. 

The simpler problems, however, are finding the areas of 
square or rectangular surfaces. 

To find the area of a square or a rectangle. 

Rule. Multiply the length in inches by the breadth in 
inches, and the sum will be the area in inches. 
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Or multiply the length in feet by the breadth in feet ui 
the answer will be in feeL 

Example. What is the area of a square each of wlion 
sides measures 8 inches? 

8 the loiiKtli of one aide. 



Answer 64 square inches. 
In Pig. 96 we have a square representing a surface 8 iuchee 



9- 

> 

rf 

^ 

A 

; ::±::_::::: 



Fig. 97. 



square, and it is divided off into 8 vertical divisions and 8 
horizontal divieiona, or 64 in all; each vertical row contains 
8 squares and there are 8 vertical rows, hence 8x8 — 64— all 
ihe squares. 

What is the area enclosed within a rectangle 12 inches long 
and 8 inches across? 

ia=-the length. 



96 the answer. 

In Fig. 97 we have the recUogle with its length niarked oft 
into 12 divisions, and its width or breadth marked off into 8, 
giving 96 divisions in all. 

Now suppose the surface is a taper, as in Fig. 98, and thai 
it measures 2 inches long, half an inch wide at one end, and 
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)ne inch wide at the other, and we find its area by adding 



Big. 98. 

the width at each end together, dividing the sum by 2 and 
then multiplying by the length, thus: 

inch. 
1 'width at one end. 
.5 width at the other end. 



.75 

2 length. 

1.50 " 

Answer l^*^ or 1^ inches. 

To find the area, in square inches, of a circle of a given 
diameter. 

Rule. Square the diameter and multiply by .7854 

Example. What is the area of a circle whose diameter is 
8 inches? 

8 diameter. 
8 diameter. 

64 diameter squared. 
.7854 proportion of a circle to a sqnaze. 

256 
320 
612 

448 



50.2656 



Answer 50 \%\^ square inches. 



304 KEY TO ENGINES AND ENGINE RUNNING. 

Tlie reason for multiplying by .7854 will be perceived from 
Fig. 99, in which a circle is shown drawn upon a square, and 




Fig. 95*. 

it is seen that in squaring the diameter of the circle we have 
obtained the area of a square of equal diameter. 

Now .7854 bears the same pioportion to 1 that the circle 
bears to the square, or, in other words, the circle encloses 
.7854 of the area of the square, hence after having squared 
the diameter we must multiply by .7854 in order to reduce 
the area obtained by squaring in the same proportion as a 
circle bears to a square having an equal diameter. 

What is the area of a pipe whose diameter is 6^ inches? 

6.5 
6.5 



325 
390 

4 2.2 5 

.78 5 4 

16900 
21125 
33800 
29575 

33.183 1 50 

Answer 33.183 square inches. 

"What is the area of a washer whose bore is 10 inches anc 
outside diameter 20 mches? 
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Here we have to deal with the circumferences of the out- 
side and of the bore of the washer. 

Now the circumference of a circle bears the same relation 
to the diameter that 3-1416 bears to 1, or, in other words, the 
ciecumference measures 7.1416 times the diameter; hence to 
find the circumference we multiply the diameter by 3.1416 

Referring to Fig. 100, whice represents the washer, it will 




be perceived that its area majr be obtained in two ways, first 
by taking the whole area enclosed in the outer circle, and 
then by subtracting the area of the bore from it; or second, 
by supposing the surface to be split along the dotted line e 
and opened out straight when the length of one side will 
equal the circumference of the outer circle, and that of the 
other side will equal the circumference of the inner circle 
representing the bore of the washer. 

This is the simplest form to adopt, doing it, however, in 
this way 

Rule. Subtract the diameter of the bore from the outer 
diameter and divide the remainder by 2. Then add the 
quotient to the diameter of the hole and multiply by 3.1416 
and by the difference between the bore and the outer diam- 
eter, or, in other words, the width. 

inches. 
20=soutside diameter of the washer. 
10=inside diameter of the washer. 

2) lOsdifference between inside and outside diameter. 

6=half of al)ove difference. 
lOssinside diameter. 

16=mean diameter of washer. 

X 
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S.1416 rdatkm of ciiciimfereinoe to diametor 
15 mean diameter 

i5706P 
31416 



47.1S40 mean drcnmferenoe. 
10 width 

.2410 



Jn sabtncting the inside diameter from the outside diam- 
eter and adding half ot the difference between them to the 
inside diameter we have found a mean or average diameter 
which is represented in Fig. 100 by the dotted circle a. 



CALCUULTIONS INVOLVING THE MEASUBEMENT OB 
IffENSUBATION OF SOLIDa 



A cube is a solid body having 6 sides whose lengths are 
equal, as in Fig. 101, which represents a cubic inch, each of 
its faces having an area of an inch. 




Fig. 101. 

To find the solid contents of a cube we multiply the area 
of the end face by the length. 

Example. What is the solid contents of a bar of iron 2 
inches square and 24 inches long? 
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S 
i_ 

4 
84 



16 

96 

Answer 96 cubic incheB. 



What is the solid contents of a piece of round iron 4 inches 
in diameter and 12 inches long? 



4 
4 



16 ctiameier squared. 
.7854 



64 
80 
128 
112 

12.5664 = area of end face. 
12 = length of piece. 



150.7968= BOM contents. 

answer 150.7968 cubic inches. 

In squaring the diameter we obtained the area the bar 
would have, supposing it to be square, as denoted by the 
dotted lines in Fig. 102, which enclose 16 squares, each repre- 
senting a square inch. 

The decimals .7854 are as much less than 1 as the area of 
a circle is less than that of a square, hence by squaring the 
diameter and by multiplying by .7854, we get the area of the 
end of the piece which multiplied by the length gives the 
contents. 

Suppose a block of lead 1 inch square and 5 inches long, 
was drawn out into a round wire ^ of an inch in diameter, 
how long would the piece of wire be if nothing was lost in 
the drawing process ? 
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Ab the wire ia to have a diameter of | inch, we first find 
the area of the end of the block expressed in square qnirtcn 



Fig. 102. ^ 

of an inch and theo multiply by the length of the hlcr 
which will give ns the length the wire would be if it was 
lie square wire. Then by dividing by .7854 , we increase tE* 
longtli in the same proportion, as the ai-ea of the round wii" 
will be lees than the area of the square wire, thus: 
i [there are 4 qnartflrs in an inch. 
16^ area of block in sqnare quarter inchee. 

, 7864)80.0000(101 .B6 

78 64 
14600 

7864 
67460 



810. 

answer 101.85 inches long. 
We may understand the philosophy of this process from 
Fig. 103, in which the block is represented as divided oH into 
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ds, each ^ inch square. 

: end face there are 16 of these squares, 4 rows with 
h row, BO that multiplying the 16 by the leogtb of 




*^ ')lock gives the length of square rods or square wire the 
""ck would make, and we have to increase the length in the 



ne proportion that the area of the round wire will be, less 
at that of square wire of an equal diameter, and this we 
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bj diTiding by .7854, which is as much less than 
1. ftft ibe mraa of a circle is less than that of a square of the 
mane dxiDMCer as the circle. 

Im tbe example, we aee that dividing the 80 by .7854 in* 
c;y«s^ il to 101.85 

We might aquare the diameter of the block, divide bj 
tbe .T:^54« and then malti|^j by the length, and the answer 
w^Vi t«» the same as is shown in the second ^culation of 
Udeexampve. 



PART XIII. 



ON THE MECHANICAL FORCES. 

THE LEVER; PULLEYS; 

GEAR WHEELS, ETC. 

Power is Distlniniisliable from Force or Pressure in 

that the term power means force or pressure in motion, and 
dnce this motion cannot occur without the expenditure of 
the force or pressure, power may, with propriety, be termed 
the expenditure of force or pressure. 

If We Suppose a piston to stand in a vertical cylinder 
sustaining a weight upon its surface and compressing the air 
within the cylinder, so long as there is no motion, no work is 
done as the term <<work*< is understood in a mechanical sense, 
and the weight merely produces a pressure. If, however, the 
weight be removed the compressed air will force the piston 
upward, performing a certain quantity of work which may 
best be measured by the amount of power exercised or ex- 
pended. 

The Mechanical Yalue of a given amount of power can- 
not be either increased, diminished or destroyed by means 
of any mechanical device or appliance whatsoever, through 
which it ma^ be transmitted! 
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It may be concentrate<i, by docreMtang i^ aa upi ad of 
motion. It may be distended by mcremaikg tbe 
through wliich it moves, or it may be expended in giving] 
proiiucing motion, but in either case, the amonnt of dntjor 
work done is the exact equivalent of tbe aznoQxd, of povei 
applied. 

A Gain or Increase in Speed is not, therefore, a ksBof 

()Ower, but merely a variation in the mode of izsiiig or utili- 
sing such ^x)wer. 

For instance, one lb. moving through a ^^^''^aBfT of 12 
inches in a given time represents an amount of pover whidi 
nmy l)0 employed either as a 1 lb. moving a foot, 2 lbs. iiiot- 
ing G inches, or ■} lb. moving through 24 inches, in the same 
s(^ce of tinie, the amount of the power or dntj remaining the 
same in each case, the method of utilization merely having 
ditferiHl, 

It is an Inexorable law of nature, that power is concen- 
trated in proportion as the amount of its motion is dimin- 
ished or distended in precise proportion as such motion is in- 
creased. 



f^-\ 



I 



Br-, = ' LiA 



\ \ 



I 



^ ;. Jo 

Fig, 104. 

Suppose (br Example, that in Fig. 104 L is a lever having 
its fulcrum at P', which is 4 inches from end A, and 8 inches 
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end B, and (leaving the weight of the lever out of the 
Lon) if we place a 4 lb. weight on A, it will just balance 
at B. 

the Iiewr is moved, the amount of motion will be 

as much at end B as it is at end A. 

If we apply the power at A, the lever has become a means 

converting 4 lbs. moving a certain distance, into 8 lbs. 

)ying twice that distance, and nothing has been either 

led or lost. 

If we Apply the Four Lbs. at B, the lever has merely 
m used as a means of converting 4 lbs. moving a certam 
ice, into 8 lbs. moving one half that distance, and no- 
ting has been gained or lost. 

Suppose That End A was moved an mch, and the 
"power at that end will be 8 inch pounds or 8 lbs. moving an 
inch, whereas at the end B, the power is 4 lbs. moving two 
inches, we have therefore reduced the weight in the same 
proportion that we have increased the distance moved through. 

Suppose now, that the lever is moved to the position de- 




10iid456.7 80I0 

Fiij. 105. 

noted by the dotted line M M, and the leverages will be 
altered, that at end A becoming that denoted by the distance 
C, and that for end B being denoted by the distance D. 

This Occurs Because we are deaUng with gravity, which 
always acts in a vex-tical line. 
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A. Ow BlV i^ *^ excellent example of the applicadoai 
tbe jprc?. Is F^. 105 for example, we have a 1 lb. 
OL ibe kisg end A of tbe lerer. and as we are deating wH 
ireirLi liie ef ficiire length of iLe long end of the lever 
frcitt ibe f uJcram 7* lo W, which is divided into 10 
diTisic*!*. The sbon end of the lever is from /to |», wl 
IS eouhl lo €42e diviaon. hence tbe 1 ib. is balanced by tlie 
Ibt* 

StappMf We Mmr tte Lpf«r into the position 
:l F:g. : (»6 and the 1 lb. will biianoe 22 lbs. at the other a^! 




Fi:. 106 

riec^-.;<*e ^Le force of *he wr-igbis ao^s in a vertical line, and 
•*i.e :rvora,re fr:»ni O :o s- is 22 limes iha: from O to w. 

To MaiBtaui Equl LeTenige on tbe long end of the 




Fig. 107. 

lever, we must apply the power at a right angle to its length. 
Tbii9 in Fig. 107 the weight is passed over a pulley so place(j 
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bhftt a cord passed over the pulley is at a right angle to the 
dotted line O, 12, this line passing straight from the fulcrum 
f of the lever to the point of attachment of the weight on the 
lever, and as the long end of the lever is twelve times as long 
■B the short end, therefore ^he 1 lb. will balance 12 lbs. at 
the short end. 

The Leverage Must be Measured in any case, in a 

straight line, but in this case that line, instead of being on a 
horizontal line, as when the weight was suspended vertically 
"beneath its point of attachment, must be measured on a line 
from the fulcrum to the point of attachment, because the 
'weight is applied at a right angle to the long end of the lever. 
In either case it is the effective length that is considered. 

The Crow Bar used to move locomotives on the rail, is 
an excellent example of a lever with a rolling fulcrum, and 
in shape, is an admirable application of means to an end. 

It Bequires more power to move a piece of machinery 
from a state of rest, than it does to keep it in motion after it 
has started, and the shape of the crow bar is such, that it is 
a greater lever at first than it is afterwards, because its ful- 




Fig. 108. 
cram moves backward as the bar is pushed downwards, we 
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msT also Of* h xa fanlier ulnstnte the difference between t 
srjgz^tndfA veigiit that acts in m Terdcad diiecdon, and the 
applicaaon of a fane mi a right angle to the length of the 
lever. 

The Low? Esi ^^ ^^ lerer in Fig. 108 has, if the power 
is applied at a right ang^ as denoted by the arrow, a lever- 
age of 1 8 to I. whereas the weight has a leverage of 13 to 1. 

When the Bar is Deprened to the position shown in 

Fig. 109 the 1 lb. has a leverage of bnt 9 to 1 (leaving the 
weight of the bar ont of consideration). 




-t~t-r-i--t-i-t-t- 

Fig. 109. 



} 



Her© Then, the power applied is most concentrated at the 
time most concentration is required, in order to put the parts 
in motion, and the concentration gradually diminishes as the 
motion ensues, which is exactly what the circumstances re- 
quire. 

A Simple Method of distending power, is by means of 
pulleys or gear wheels. Suppose, for example, that in Fig. 
110 wo have a weight of 12 lbs. suspended from a shaft or 
drum, whose radius a is 10 inches, and that on the same shaft 
thoro is a pulley, whose radius h is 20 inches, and the two 
weights will balance each other. 
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In This Case the falling of either weight would not 
effect the leverage, because the distance of both weights would 




Tem&in the s&me from the center of the shaft. The leverage 
of the 12 lbs. is denoted hj the line A, and that of the 6 lbs. 
by S. 

So far as the transmission of power la concerned, therefore, 
pulleys are in effect revolving levers, which may be employed 
to concentrate or to distend power, but do not vary its amount. 

Sappose We Have Two iSiafts on the first of which 
ate two pulleys, B and C, Fig. HI, while upon the second 
there are two pulleys, D and E. A belt H connecting B to 
D. Let the pulleys have the following dimensions: 
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If we take the first pair of wheels B and C, we have that 
the velocity will vary in the same ratio or degree as their 




Fig, 111. 

diameters vary, notwithstanding that their revolutions are 
equal. 



Radius. 


Diameter. 


drcninference. 


B = 5 J Inches. 
C — lOi * * 


104 Inches. 


32.2 Inches. 


20| ** 
15} *• 


64.4 ** 


D = 7S * * 


47.9 « * 


E = 20i * * 


41 ** 


128.8 * * 



The Telocity is the length of the path moved through, 
and as it is the circumference of the pulley that is considered, 
the velocity of the circumference is tliat taken, thus if we 
make a mark on the circumferences of the two pulleys B and 
C, Fig. Ill, the velocity of that on C will be twice that upon 
B, or in the same proportion as the diameters. 

Let There Be suspended from the circumference of B 
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10 lbs. weight, and let us see the d^ree to which this power 
will be distended by this mirmngement of polleysL sai^xKing 
the weight to rotate B, and malring no aUowance for the fric- 
tion of the shaft 

Suppose the weight to have fallen 32.2 inches, and we 
have 10 lbs. moving through 32.2 inches, this power it will 
have transmitted to puUey B. 

To Find what this becomes at the perimeter of C, we 
must reduce the number of lbs. in the same proportion that 
the perimeter of C moves faster than does that of B, hence 
we divide the circumference of one into the other, and with 
the sum so obtained divide the amount of the weight, thus 
circumference of C = 64.4 -r- 32.2 (circumference of B), = 2 
and 10 lbs. -^2 = 5 lbs., which, as the circumference of C 
is twice that of B. will move twice as fast as the 10 lbs. at B, 
hence for C we have 5 lbs. moving through 64.4 inches. 

Now C communicates this to D by means of the belt H, 
hence we have at D the same 5 lbs. moving through 64.4 
inches. 

Now E moves twice as fast as D, because its circumference 
is twice as great, and both are fast upon the same shaft, hence 
the 5 lbs. at D becomes 2^ lbs. at £, but moves through a 
distance equal to the circumference of £, which is 128.8 
inches. To recapitulate then, we have as follows: 

The weight gives 10 lbs. moving through 32.2 inches. 

Pulley B * * 10 * * * * • * * * * * 

4 4 Q .4544 44 44 g4 4 4 4 

44 jy 44544 44 44 54^4 44 

4 4 jt «« 2}** ** *♦ 128.8 ** 

That the Amount of Power is Equal in each case, 

may be shown as follows: 

For C, 5 lbs. moving through 64.4 inches is an equal 
amount of power to 10 lbs. moving through 32.2 inches, be- 
cause if we suppose the first pair of pulleys to be revolving 
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levers, whose fulcrum is the center of the shaft; it wiU be 
plain that one end of the lever being twice as long as the 
other, its motion will be twice as great, and the 5 at 10| 
inches just balances 10, at 5^ inches from the fulcrum, as in 
the common lever. 

In the Case of D we have the same figures both for 
weight and motion as we have at C, because D simply re- 
ceives the weight or force, and the motion of C. In the case 
of E, we have tlie motion of the weight multiplied four times 
for the circumference of E is 128.8 inches, which divided by 
4 gives 32.2 inches, which is the amount of motion of the 
weight, hence the 10 lbs. of the weight is decreased four 
times, thus 10 lbs. -i- 4 = 3|^ lbs., hence the 2^ lbs. moving 
through 128.8 inches, is the same amount of power as 10 lbs. 
moving 32.2 inches, and we may concentrate or convert the 
one into the other, by dividing 128.8 by 4 and multiplying 
the 5^ lbs. by 4, giving 10 lbs. moving 32.2 inches. 

If, Therefore, we make no allowance for friction, nothing 
has been lost and nothing gained. 

Thns Far we have taken no account of the time in which 
the work was done, more than as one wheel is caused to 
move by the other, and all of them by the motion of the 
weight they must all have began and also have to move at 
the same time. Suppose, then, that the time occupied by the 
weight in falling the 32.2 inches, was one minute, and the 
amount of power obtained, may be found by multiplying the 
lbs. of the weiglit by the distance it moved through in the 
minute, thus 10 lbs. moving 32.2 inches in a minute gives 
32.2 inch lbs. per minute being the amount of power devel- 
oped by the 10 lb. weight in lowerimg the 32.2 inches. 

We may now convert the power at each pulley perimeter 
or circumference into inch pounds by multiplying the respec- 
tive lbs. by the distance moved through in inches, as per the 
following table: 
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DMance moTed. 

32.1 = 

64.i = 

G4.4 = 



Inch lUi iif povfT. 



St Wo B6qsir6 to ^i"! the power in foot lbs. per iiiiiiiite 
we divide by 12 (because there are 12 inches in a foot), thus 
32 inch lbs. -;- 12 = 26.S3 fcot lbs. per minnte. 

Now Bnppose that B was moved by & belt, with a pull of 
10 lbs. at its perimeter, and made 100 revolutions in a min- 
ute, then the pull at the perimeters of C D and E would re- 
main the same, but the motion would be 100 times as great, 




and the power would therefore be increaspil one hundred- 
fold. It will be apparent then, that the time is as important 
an element as the weight 
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The Telocity and Power of Gear Wheels is calcu 

lated at the pitch circle. 

Now suppose the gear A in Fig. 1 1 2 has 30, gear B 60, gear 

C 10 and gear E 80 teeth, and that 5 lbs. be applied at the 
pitch circle of A, and to find what this 5 lbs. would become 
at the pitch circle of E, we multiply it by the number of 
teeth in B and divide it by the number of teeth in G, thus: 

Lbs. 

At pitch drcle of A 5 
Numher of teeth in B 60 



Number of teeth in G 10)300 



80 
Answer, 30 lbs. at the pitch circle of K 

Now Suppose that on the shaft of A there is a pulley 20 
inches in diameter, and that on this pulley there is a belt 
exerting a pull of 5 lbs., while on the same shaft, there is a 
pulley 16 inches in diameter, and to find how much this 
latter pulley would pull its belt, we proceed as follows: 

2 ) 20 ^ Diameter of pulley on A. 

10 ss Badius of pulley on A. 
5 ^ Ptill on pulley A. 



Number of teeth in A ^80) 50^ Pull at center of shaft of A. 

1.666 

60 = Number of teeth on B. 

Number of teeth on 0=1 0) 99.960 = Pull at axis of shaft of R 

9.996= Pull at pitch circle of C. 
80^ Number of teeth on E. 

Radius of pulley on shaft of E 8) 799.680 Pull at axis of shaftE. 

99.96 Pull at perimeter of last pulley. 

We Have In This Case treated each pulley as a lever 
whose length equalled the radius of the pulley, while in the 
case of the wheel we have multiplied by the number of teeth 
when the power was transmitted from the circumference to 
the shaft, and divided by the number of teeth (the number 
of teeth representing the circumference), when the power was 
transmitted from the shaft to the teeth.. 
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Wo Thus Find that power is composed of three things, 
first, the amount of impelling force, second, the distance that 
force moves through, and third, the time it takes to move 
that distance. 

If we take a number of pulleys, say four, and arrange them 
one after another so that they drive by the friction of their 
circumferences, then the amount of power transmitted by 
each, will be equal, and the velocities will be equal, whereas, 
if we arrange them as in Fig. Ill the power will be equal for 
each, but the velocities or space moved through in a given 
time will vary. 

What is Known as the Unit of Power, is the foot lb. 

being the amount of power exerted in raising or lifting one 
lb. one foot, and from what has already been said, it will be 
perceived that this is the same amount of power as 12 lbs. 
moving a distance of one inch. 

Watt Determined t^hat the power of a horse was equal to 
that necessary to raise 33000 lbs. one foot high, in a minute, 
and this is accepted, in English speaking countries, as being 
a horse-power. 

An Engine or Maclline has as much horse-power as it 
has capacity to lift 33000 lbs. a foot high in a minute. 

The Piston and Crank of an engine form examples of 
the application of power to a lever of varying length, thus 
the ejection leverage of the crank for a given position is 
found by drawing from the center line of the connecting-rod, 
a line at a right angle to that center line, and that passes 
through the center of the crank-shaft. Thus in Fig. 113 the 
effective leverage of the crank is represented by the line C, 
which is at a right angle to the center-line C of the connect- 
ing rod and passes through the center of the crank-shaft. 
The length of the other end of the lever is denoted by the 
length of the line ft, which remains the same whatever the po 
n^OQ of tl^Q crank ma^ be^ the center represent? the fi^cruo^ 
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The position of the crank when at its greatest leverage, 
depends upon the length of the connecting-rod. Thus in 




Pig. 114 the crank is shown at half throw, and its effective 
leverage is denottxl by the length of hne e, which is less than 
the throw of th^ crank. In Fig. 115 its effective leverage is 
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id by c, which is equal to the throw of the crank, 

is therefore at its point of greatest leverage. 

longer the connecting-rod is, the nearer it will be to 




sition of half throw when at its point of gi-eatest lever- 
)ut this point will always be before the position of half 
' for one piston-stroke, and after it, for the other. 



.>zs ssz la BBGIN13& Ami ms&sm.: 



11 
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& 
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We might take the leverage of the crank in inches, for a 
number of positions so as to get its average leverage, and 
divide it into the radius of the pulley in inches, and this 
multiplied by the average pressure in lbs. per square inch, 
on the piston area, per revolution, and by the number of rev- 
olutions, would give us the number of inch pounds of power 
developed by the engine, Th.s divided by 12 would give 
the foot pounds, and this divided by 33000 would give us 
the horse-power, allowing no loss from friction. This, how- 
over, is a round about way of doing it. 



CALCULATING THE HORSE-POWER 

OF AN ENGINE. 

The Horse-Power of an Engine may be calculated as 

follows: 

Eule. Multiply the area of the piston by the average 
stieam pressure upon the piston throughout the stroke, and 
^y the length of the stroke in inches, which gives the num- 
^r of inch lbs. received by the piston from the steam, during 
Qiie stroke. 

As There Are Two piston-strokes to one revolution of 
the engine, we multiply by two, and thus get the number of 
inch pounds received by the piston in one revolution. 

By Mnltlpljring This by the number of revolutions the 
engine makes in a minute, we get the number of inch pounds 
of power received by the piston in a minute. 

By dividing this by 12, we get the number of foot pounds 
the piston receives per minute, and dividing this by 33000, 
we get the horse-power of the engine. 

The 33000 is Obtained in this way. Watt determined 
tbl^t {^ bo):9e was capable of everting a power ecjual to tb9 
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i:o: higr. ii: a minine, benoe Living 
L^*r I:t i: t,:^ '^r^r^ per minme. dividing then by 33000 

iijst sniaazn of power veceived by the piston, 
e&£rnie cmnncyt exert bo mudi power, 



iat: z: i: i expended in orercomiiiff the friction of 

T_- Az:. zn: cr liif- xus^ol power expended in OTerooming 
1-^ rr.rL - a^i-ena* iniOfL ix*e fi; of the pans upon the kbri- 
tj::. I. i*i.» n^ mniMun of ine load. 



:-rr ZTin^JL c»f liie croG^bead goidea of the croes- 
r». : ji. .J liif^ ;!rmT.g-pin and of the crank-shaft bearings, 
-_ _L 'T'^:ias^ wni. lin- amount of resistanoe offered to the 

TW AwfwwBt riiuwi «■ <ke P!sl«i is a difficult 

'wever. for rereiml reasons. 

The presume in the cylinder may, during 
liTr r-dbzi: i»enod. rarr from that in the steamchest 



' -• a . 



*:*er*--.£-r : : ibe zmriis t«ing too small or from the passages 
>riz.^ r-:k'r-i frc«n a defecdre casting. 

SfCWld, i«e»ca:i9e the steam is wire-drawn during the time 
tli: lie il ie-Tilre is closing the port to effect the cut-off 

TTlird, ii'eca'iise the live steam in the port and passage at 
i:.e ::::.e the cnt-off occurs, gives out some power during the 
peri -i of exiiansion. 

Fourth, because there is some condensation of the steam 
in tiie cylinder after the point of cut-off, and there is no 
means of finding by calculation how much loss there may be 
from this cause. 

Daring the Liyo Steam Period there is also loss from 

condensation in the cylinder, but this is made up for by 
eteam from the steam-chest. 
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Filth, the I068 from condensation after the cutoff has 
occurred will vary with the speed of the engine, and is 
greater in proportion as the piston speed is less, because there 
is more time for the condensation to occur in. 

Stixthj there is some pressure on the piston between the 
•time that the exhaust begins and the piston ends its stroke. 

Soyenth, because the compression absorbs some of the 
piston power. 

Aissiimiiig the lyerap^e Pressure on the piston to l:>e 

known, however, we may calculate the horse-power as follows: 

Example. What is the hoi-se-power of an engine whose 

piston is 20 inches in tliameter, and stroke 30, the revolutions 

per minute being 120, and the average pressure on the piston 

60 lbs. per square inch? 

diameter of piston 20 
diameter of piston 20 

diameter of piston squared 4. 00 

.7 8 54 

4»0 

area of piston =3 1 4.1 6 0.^ these two ciphers neglected. 

6 average steam pressure. 

lbs. pressure on piston 18 8 4 9.6 .^ this cipher neglected. 

8 length of stroke in inches. 

5 6 5 4 8 8.0 inch lbs. per stroke 

2 two piston -strokes per revolution. 



12 )1 1 3 09 7 6 inch lbs. per revolution. 

9 4 2 4 8 foot lbs. per revolution. 
12 refvolutions per minute. 



1884960 
95248 



3 3 0)1 1 3 9 7 6 0(3 4 2.7 2=horse-power of engine. 
99000 

140976 
132000 



89760 
66000 

2 37600 
231000 

66000 
66000 
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in Working Ont the Calcnlation, the ciphers that 

are decimals and are on the right hand are neglected or taken 
no account of, because they represent no value and may there- 
fore be discarded. 

Thus the area of the piston is 314^1,^ feet, the two right 
hand ciphers having no value. Again the lbs. pressure otf 
the piston is 18849-|^ lbs., and the right hand cipher having 
no value is discarded. The inch lbs. per stroke is 565488, and 
the decimal cipher representing nothing is discarded when 
multiplying by the 2. 

We Have in Tllis Case taken no account of the fact 
that tlie piston-rod prevents the steam from acting against a 
part of the piston area during one stroke, hence for correct 
results, we must subtract from the area of the piston one 
half the area of the piston-rod. 

Tlie Horse-Power Thus obtained is that which the 
engine receives from the steam, and is more than the engine 
is capable of exerting to drive machinery, because a part of 
this power is consumed in overcoming the friction of the 
working parts of the engine. 



TESTING THE HORSE-POWER 
OF AN ENGINE. 

The Usefbl Horse-Power of a Stationary Enirine 

may be readily and accurately obtained by means of a pair 
of scales, and a brake, as shown in Fig. 116, which is con- 
structed and used as follows: 

On the Crank-Shaft of the engine is a pulley enveloped 
by a friction brake, which consists of an iron band, to which 
wooden blocks are fastened. 
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The Ends of the Irwo Baud do not meet, but an 
:ured together by a bolt as shown. 

By screwing up the bolt, the wood blocks are broug 
press against the circumference of the wheel. 

This Forms a friction brake that would revolve witl 
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wheel, were it not for two arms that are secured to the biaiki, 
and rest at the other end upon a block placed upon a pair of 
scales. 



The Principle of Action of this device is, that 

amount of friction between the brake and the wheel is weir- 
ed upon the scales, and this amount multiplied by the veloc- 
ity of the wheel at its circumference and divided by 33000, 
is the horse-power of the engine. 

It is Necessary, in Arranging this brake, to have its 

end rest upon the scale at the same height from the floor as 
the center ot the crank-shaft, so that the line marked 5' 3'' 
(5 feet 3 inches), which represents the length of the lever, 
shall stand parallel with the surface of the platform of the scale. 

To Test tlie Horse-Power we proceed as follows: 

Suppose the pressure of the end of the lever on the scale 
is found by the weight on the scale beam to be 540 lbs., the 
diameter on which the brake blocks act being three feet, the 
length of the leverage being 5 feet 3 inches, as marked, and 
the engine making 154 revolutions per minute, and the cal- 
culation is as follows: 



5 40 lbs. on scale. 
5.25 leverage in feet, 

27 00 
108 
2700 



radius of pulley in feet 1.5)2835.00 (1890 lbs. at pulley perimeter. 

15 

"133 
120 

135 
135 
• • -0 
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then 3.14 16 

3 diameter of pulley in feet. 

9.4 2 4 8 circumference of ptilley in feet 
15 revolutions per minute. 



4 71.2 4 00 
94248 



1413. 7 200 velocity of pulley perimeter. 
1^9 pounds at pulley perimeter. 



12723480 
1 130976 
14 1372 

33000)2 67 1930.8 0(80.9 
264000 

319308 
297000 

223080 

Answer 80^^ horse-power. 

In This Calcnlation we have nothing to do with the 

size of the cylinder or the steam pressure, because the scale 

beam tells us how many lbs. the brake exerts on the scale, 

and we treat the brake and brake pulley as levers. Thus by 

multiplying the lbs. on the scale by the leverage of the brake 

Win, we get the number of lbs. exerted at the center of the 

crank-shaft, and by dividing this by the radius of the brake 

pulley, we get the number of lbs. on the circumference, or 

what is the same thing, at the perimeter of the brake pulley. 

By Mnltiplylng the Circumference of the pulley in 

feet by the revolutions per minute, we get the speed at which 
the above pounds travel, and by multiplying this speed by 
the number of lbs. we get the foot pounds, which divided by 
33000 gives us the effective horse-power of the engine 

This Effectiye Horse-Power is correct, because in load- 
ing the engine by the brake, the crank-pin, cross-head guides, 
etc., are all placed under the same friction as they would be 
if it was a circular saw, or some other piece of machinery or 
machine that the engine was driving. 
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SAFETY-VALVE CALCULATIONS. 

Among the most Freq^eat qmetimms *^^^ in u |^ 

engineers examination, are those relying u» libe stftsr-Talves 
of boilers. 

These questions may be easOj ansvered from a smdy of 
the following: 

The Safety- yalye Is a DoTiee for pelieving the bcukr d 

steam after it has reached a certain pre85]2i>eL 

This it Accomplishes by letting the steam escape ito it 
has reached the required pressure. 

At M'hat pressure the safety-valve will blow off depaida 
upon the position of the weight on the safety-valve lever. 

The Calculations referring to this part of the sabject are 
finding how much weight will be required to be placed at& 
given point on the lever, in order with a given sized valve 
to blow off at a given pressure. 

Finding the Position on the lever of a given amount of 

weight in order to blow off at a certain pressure. - 

Finding with a given sized Valve and a given weight, 

how to nmrK off the lever and where the notches must be cut 
for given pressures. 

In each of these Calculations there are three elements; 
(irst, the area of the valve and the steam pressure, which con- 
Htituto the effect of acting to lift the valve; second, the amount 
of the weight and its position upon the lever, which acts to 
ke(^p the weight closed ; and third, the weight of the lever and 
of tlie valve, which acts to keep the valve closed. 

In Fig. 117 we have a Drawing of a Safety-yalre 

shown in section, and if there was no weight upon the 
lever, tlie pri^ssure of steam the valve would hold in the 
boiler, would bo that due to the weight of the valve and of 
the lever u])on the valve. 
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To find out tow much this would be, we would have to 
put the valve itself and the pin A on a pair of scales and 
weigh them 




Vr-D' 'h 



Fig, 117. 



Then put a piece of string through the hole at B in the 
lever, and see how much it weighed when suspended from 
that point. 

Suppose the valve to weigh 2 lbs. and the lever 10, and 
the total will be 12 lbs. 

Noxt we find the area of the valve, and suppose this to be 
3 square inches, then we may find how much pressure the 
valve would keep in the boiler, by dividing the area of the 
valve into the weight holding the valve down, thus: 



weight of valve 
* * lever 



( ( 



lbs. 
2 
8 



area of valve 8 ) 10 



pressure the valve would hold 7.25 lbs. 

The Area of the Talye is that part of its face receiving 
the steam pressure when the valve is seated, so that if the 
smallest part of the valve arm is equal to the diameter of the 
seat bore, the diameter from which the valve area is to be 
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calculated, will be that denoted by D in the figure, and can- 
not in any case, be less than this, But if the smallest end of 
the valve cone is of larger diameter than the smallest end of 
the seat cone (which should not, but might be the case), 
then it is the smallest area of valve cone that must be taken in 
calculating the area, because that is the area the steam will 
press against. 

KOW suppose W6 rest a 20 lb. weight on the top of the 
valve that is on the line denoted by 1, and there will be 32 
lbs. holding the valve down, thus, weight of valve 2 lbs., of 
lever 10, and weight added 20 lbs., and to find how much 
pressure this would hold in the boiler we divide it by the 
valve area thus: 

weight on valve, 
valve area ^ 8 )32 

4 = presBiue valve will hold. 

But suppose we put the weight on the lever, in the position 
shown in the figure, which is six times as far from the valve 
as the fulcrum F of the lever is, and its effect on the valve 
will be six times as great as it would if placed directly upon 
the valve, so that leaving the weight of the valve, and of the 
lever out of the question (as is commonly done in engineers 
examinations), we may find out what pressure the valve will 
hold, as follows: 

Rule. Divide the length of the lever by the distance from 
the center of the valve to 'the center of the fulcrum. Mul. 
tiply by the amount of the weight in lbs., and divide by the 
area of the valve. 

Example. The area of a valve is 8 inches, the distance 
from the center of the fulcrum to the center of the valve is 
4 inches, and the distance from the fulcrum to the point of 
suspension of the weight 24 inches, the weight is 40 lbs., 
what pressure will the valve hold? 
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length of lever, 
from folcrtiin to yalve 4)24 

40 amotmt of weight, 
area of valve 8) 24o' 

"lo" 

lbs. per square inch the valve will hold = 80 

The Philosophy of this is clear enough, when we consider 
that as the weight is six times as far from the fulcrum as the 
valve is, and each 1 lb. of weight will press with a force of 
6 lbs. on the valve, hence the 40 lbs. will press 240 lbs. on 
the valve, and as the valve has 8 square inches the 240 be- 
come 30 lbs. for each inch of area. 

Example. The area of a safety-valve is 8 inches, the dis. 
tance from the fulcrum to the valve is 4 inches, and the 
weight IS 40 lbs., how far must the weight be from the ful- 
crum to hold in the boiler a pressure of 30 lbs. per square 
inch? 

inches, lbs. 
from fulcnun to valve. 4 ) 40 aorount of weight 

lo" 

area of valve 8 square inches, 
pressure required. 30 
10 ) 240 

24 
answer =: 24 lbs. per square inch. 

Example. The diameter of a safety-valve is 4 inches, the 
distance from the center of the fulcrum to the valve is 3 
inches, a 50 lb. weight is 30 inches from the fulcrum, what 
pressure will the valve hold ? 
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8 diameter of YtUve, 

3 




Aireaof YBlTa. 



8 )50 

1^666 
50 

7.158)833.300(116. M 
7158 

11760 
7158 

45920 
42948 

39720 
14316 

54040 
42948 



11092 



•OHwer 116.26 lbs. per aq,„^i^ 



PART xrv. 



HEAT; WATER; STEAM. 

The Heat Unit^ or the unit whereby heat is measured, is 
the quantity of heat that is necessary to raise 1 lb. of water 
from its freezing temperature (which is 32 degrees Fahren- 
Wt) one degree, and this unit is sometimes termed a thermal 

The Reason That some Specific Temperature, as 32 

degrees Fahrenheit, is taken, is because the quantity of heat 
required to heat a given quantity of water 1 degree, increases 
with the temperature of the water, thus it takes more heat to 
false 1 lb. of water from 240 to 245 degrees, than it does to 
niise it from 235 to 240, although the temperature has been 
niised 5 degrees in each case. 

The Whole qnantity of Heat in Water or steam is 

not, however, sensible to the thermometer, or in other words, 
is not shown by that instrument, the heat not so shown or 
indicated, is termed latent heat. 

Water Obtains Latent Heat while passing from a liq- 
uid to a solid state, as from water into ice, and while passing 
from a liqtdd to a gaseous state, as while passing from water 
into steam, and the existence of latent steam may be shown 
as follows; 
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If we Take a Body of Water at a temperature above 
freezing, and insert therein a thermometer, the decrease ia 
the temperature as the water becomes frozen, will be shown 
by the thermometer. If then, its temperature being say at 
zero, heat be continuously imparted to the ice the thermom- 
eter will mark the rise in temperature until the ice b^ins to 
melt, when it will remain stationary at 32 degrees so long as 
any ice remains unmelted, and it is obvious that all the heat 
that entered the water from the time the ice began to melt^ 
until it was all melted became latent, and neither sensible to 
the sense of feeling nor to the thermometer. Similarly, if 
the water, after the ice is all melted, be heated in the open 
air, the thermometer will mark the rise of temperature until 
the water boils, after which it will show no further rise of 
temperature, although the water still receives heat The 
heat that enters the water from boiling, until it is evaporated 
away, is the latent heat of steam. The latent heat of water 
is 143° Fahrenheit, and that of steam when exposed to the 
pressure of the atmosphere, or under an atmospheric pressure 
of 15 lbs. (nearly), is 960°, which may be shown as follows: 

If a Given Quantity of Water, as say I lb., has im- 
parted to it a continuously uniform degree of heat sufficient 
to cause it to boil in one hour, then it will take about 5 J 
more hours to evaporate it all away, hence we find the latent 
heat by taking the difference in the amount of heat received 
by the water, and that shown by the thermometer thus: 

degrees, 
temperature hy thermometer at boiling point 212 
less the temperature of the water at first 32 

heat that entered the water in the first hour 180 
hours that the water was subsequently heated 5^ 

900 
one third of 180 =60 

heat that entered the water during the 5^ hours 960 degrees. 
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This, however, is not quite correct, as it would take slightly 
more than 5^ hours to boil the water away and the heat that 
entered the water after it commenced to boil, would be about 
966 degrees. 

If the steam that arose from the water while it was boil- 
ing were preserved without increasing the pressure under 
which it boiled, and without losing any of its heat, it will 
have a temperature the same as that of the water from which 
it was boiled, which is a temperature of 2 1 2°, so that neither 
the steam nor the water account, by the thermometer, for the 
966 degrees of heat that entered the water after it boiled, 
hence the 966° became latent, constituting the latent heat of 
the steam when boiled from and at a temperature of 212°. 

The Total Heat of Steam is the sensible heat, or that 
shown by the thermometer, added to the latent heat, hence 
the heat necessary to evaporate water into steam at a temper- 
ature of 212° (which corresponds to a pressure of 14.7 lbs. 
per square inch), is 212° -f 966° which is 1178°, and these, 
therefore, are the number of degrees that must be im- 
parted by the coal to the water, in order to form steam at a 
temperature of 212°. 

WATER. 

Water is at its Greatest Density when at a temperature 

of 39.1 degrees Fahrenheit, that is to say, it occupies its least 
space and weighs the most per given quantity (as per cubic 
inch), when at that temperature. 

A.t a lower temperature water expands, its freezing point 
being 32° Fahrenheit, below which it forms ice. The weight 
of a cubic foot of water when at its maximum density (39.1). 
is 62.382 lbs. "Water also expands as its temperature is in 
creased above 39.1 degrees, thus while it is heated from 39.1 
to 212°, its volume increases from 1 to 1.04332. The eicpan- 
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sion for each degree of heat added to its temperature, in* 
creases from at 40"^ Fahrenheit to .0044 at 212''. 

The Bate of Expansion of Water at a temperature 

above 212 is unknown. 

STEAM. 

At Every Temperatore above freezing point water 
passes from the liquid into a gaseous state, the gas being 
termed steam. While water is below its boiling point its 
evaporation occurs at its surface only, but when its mass is 
heated to boiling point, and additional heat is imparted tQ it, 
evaporation occurs from the water lying against the surface 
from which it receives the heat, and an ebbulition is caused 
by the vaporized water passing through the mass, the ebbu- 
lition being what is known as boiling. 

The Temperatnre at Which Water Boils depends 

upon the pressure acting upon its surface, the boiling point 
be ng at a lower temperature in proportion as the pressure is 
reduced, thus water at the top of a mountain, where the pres- 
sure of the atmosphere is less than at the sea level, would 
boil at a lower temperature than 212°, which is the boiling 
point when the atmospheric pressure is 14.7 lbs., which it is 
assumed to be at the sea level. Conversely, the boiling point 
is raised in proportion as the pressure upon its surface is 
raised whether that pressure consists of air or of steam. As, 
however, the pressure is increased, the boiling point is at a 
higher temperature. So long as the steam is in contact with 
the water both are at the same temperature, as denoted by 
the thermometer (although they do not contain the same quan- 
tity of heat, as will be shown presently), and the steam is 
termed saturated steam. 

The Pressure of Saturated steam cannot be either in- 
creased or diminished without either increasing or diminish- 
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ing its temperature, hence there is a definite rehition of pix^s- 
sure to temperature, which enables tlio pressure to Ih> known 
from the temperature, or convei'sely, the temperature to bo 
known from the pressure. But if tlie steam be soparattnl 
from the water it may be what is termed auperheatcdj which 
is that it may' be sur-charged with heat or contain more heat 
than saturated steam at the same pressure, such additional 
heat, however, is latent. 

The Pressure of Steam is the lbs. of force it oxortH 

upon a given area, as upon a square inch. In non-condensing 
engines the effective pressure of tiie steam is its pressure above 
that of the atmosphere, because tlie exhaust side of the piston 
being exposed to the atmosphere receives the atmoH])heric 
pressure, which must be overcome by a corresponding pros- 
sure of steam on the steam side of the piston, and tliis pres- 
sure is not, thei-efore, available for producing work or power 
in the engine. 

In Condensing Engines, however, the exhaust side of 
the piston is (as nearly as practicable), relievcMl of the atmos- 
pheric pressure, and assuming a i)erfect vacuum to be form<;d 
the whole of the steam pressure is exerted to j^rop^jl the pis- 
ton, in which case the steam pressure is termed tiie uholule 
pressure. 

In consideiing the weight or density or the expansion of 
steam ita absolute^ and not its effective pressure must obviously 
be taken. 

What is Termed Dry Steam is saturated Hta&m that 

does not contain, what may be termed, entrained wat^^r, wldch 
is water held in suspension in the steam, which may I>f5 caus- 
ed bj the sorface of the water through which the st^;am is 
allowed to rise, being too small in prof><>rtion to the volume 
of steam formed, in which case the rapid {>a.sdage of the sttcs^m 
throng the water canoes it to carry up water with it and 
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213**. Now it is evident that the weight will remain the 
same whatever the amount of heat that may be imparted to 
the steam. Now if the steam were maintained within the 
cubic foot of space, and was capable of expansion by the ab- 
Borbtion of additional heat, its pressure would increase and 
its weight remaining the same there would be no definite 
relation between the weight and the temperature and pres- 
sure. 

But If the cubic foot of steam were allowed to expand, 
so as to occupy more space, then additional heat is necessary 
to prevent its condensation. 

The Relation Between the Temperature, Pressure, 

and^ Weight of Steam is not quite proportional to the vol- 
ume, because steam is not a perfect gas and does not there- 
fore, strictly follow Marriott's law. 

A Perfect Oas is one, that during expansion or compres- 
sion, follows the law laid down by Boyle and Mariott, this 
law being that if maintained at a constant temperature, the 
volume is inversely proportional to the pressure. 

For Example, the quantity of gas, that if confined in a 
cubic inch of space, would give a pressure of 80 lbs. per 
square inch, would give a pressure twice as great (or 160 lbs. 
per inch of area), if confined in one half the space, that is if 
compressed into one half of a cubic inch. Conversely, if the 
cubic inch was allowed to expand until its pressure was 40 
lbs., it would occupy two cubic inches of space. Assuming, 
of course, that the temperature remains the same. Since, 
however, if a gas be compressed, its temperature is increased 
by reason of the friction of the particles moving one upon 
the other, the law of Marriott may be better explained as 
follows: 

Suppose We Hare three vessels, A, B, and C filled with 
(^ fluid which is a perfect ^as, the temperatures bein^ equal 
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Let the pressure be: A 40, B 80, and C 160 lbs. per square 
inch, then 2 cubic inches of the fluid in B, will weigh the 
same as 4 cubic inches in A, because that in B is at twice 
the pressure of that in B, and the 2 cubic inches in B will 
weigh the same as 1 cubic inch in C, although its pressure is 
one half that of C, or what is the same thing, whatever num- 
ber of cubic inches of the fluid in C it takes to weigh a pound, 
it will take twice as many in B, and four times as many in 
C to weigh one pound. 

But Steam is Not a Perfect Gas, as is evidenced by 

the fact that its volume does not increase in a ratio inverse 
to its pressure. For example, if a cubic inch of water be 
evaporated into steam at a pressure of 14.7 lbs. per square 
inch, its volume will be 1644 cubic inches, and its tempera- 
ture 212° Fahrenheit. 

But If the cubic inch of water be evaporated into steam 
at twice the pressure, which is 29.4 lbs. per square inch, its 
volume will be 838 inches. 

The Volume then is not inversely as the pressure, al. 
tliough the actual quantity and weight remain the same, as is 
proven by the fact that if the steam at either pressure were 
condensed it would pass back into the cubic inch of water 
from whicli it was geiiei'ated. 

This May Be Accounted for in the difference in the 
boiling point of the water in the two pressures, or in other 
words, by the difference in the temperatures, thus the boiling 
point of the water at a pressure of 14.7 lbs., is 212°, while 
that for the pressure of 29.4 is increased about 38.4 degrees, 
and the steam is at the higher pressure expanded by these 
38.4 degrees of heat, which adds to its pressure, although 
not effecting its actual quantity or weight. 

The Amount of this expansion may be estimated as fol- 
lows: 
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Taking the 1644 cubic inches, and supposing the steam to be 
a perfect gas, we divide it by 2 to obtain half the volume, 
1644 -^ 2 = 822. 

If then we subtract this 82*2, which is the volume of the 
steam if it acted as a perfect gas, from the 838 it actually 
occupies, we get 16 (838 — 822 = 16), which is the number 
of cubic inches of expansion due to the increase in the boil- 
ing temperature. 

THE CONVERSION OF HEAT 

INTO WORK. 

When steam performs work a certain portion of the 
heat it contains is converted into work, the steam simply be- 
ing a medium of conveying the heat into the cylinder in 
which the motion of the piston converts this proportion of 
heat into work. It has been proven that a given quantity of 
heat will pass into a given quantity of work, and conversely 
that a given quantity of work is convertible into a given 
quantity of heat, and it has also proven that so much 
heat is convertible into so much work, independent of the 
temperature of the heat during its conversion into work, 
power or energy, all three of these words being used to imply 
pressure, force, or weight in motion. 

The Accepted Measurement of the conversion of heat 

into work is known as Joule^s equivalent. 

Jovle having determined that the amount of power exert- 
ed in raising 772 lbs. one foot, is the equivalent of the amount 
of heat that is required to raise the temperature of 1 lb. of 
water, when at or near its freezing point (that is at a temper- 
ature of 39.1°) one degree. 

This is Called Mechanical equivalent of heat, being merely 
the quantity of heat necessary to do a certain amount of 
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work, but having no relation to the time in which that work 
was done. 

The Conyersion of Heat into Work and of work into 

heat, may be demonstrated as follows. Suppose a cylinder to 
be so situated that heat can neither be transferred to it or 
from it, and that saturated steam be admitted under the pis- 
ton so as to fill one half of the cylinder at a pressure of 50 lbs. 

Suppose Then, that we raise the piston from an indepen- 
dent application of power, the steam simply expanding to fill 
the space given by the piston, but not exerting its force to 
move the piston. 

Now Suppose the experiment is repeated, permitting the 
force of the steam to lift the piston, and the temperature of 
the steam will be less in the second than it was in the first, 
proving that in the second experiment a certain portion of 
the heat in the steam was converted into the work of raising 
the piston. 

If We Desire to reconvert the work into heat, we may 
force the piston back again to its original position, and its 
tem|)erature will be restored to what it was before we allowed 
it to raise the piston. It is here, of course, assumed that there 
is no friction in moving the piston in the cylinder. 

The Apparent Or External work performed by steam, 
in expanding and moving a piston against a given resistance, 
is measurable by multiplying the amount of the resistance 
against which the piston moved, by the distance it moved 
through, thus: 

Suppose a Piston weighs lOO lbs., and had resting upon 
it a weight of 50 lbs., and that it be raised by the expansive 
action of steam a distance of a foot, then smce the total re- 
resistance it moved against would be (supposing it to move 
frictionless in the cylinder) 150 lbs., and since the amount of 
motion was one foot, the external or apparent amount of 
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work performed by the steam will be 150 foot lbs. or 150 lbs. 
moved one foot. 

But in Expanding the steam has performed a certain 
amount of what is called internal work, that is to say, its 
particles or atoms have done work in expanding, and this 
work has been done at the expense of some of the heat in 
the steam, so that the loss of heat due to the motion of the 
piston, is the amount of heat converted into work in movmg 
the piston against the piston resistance, added to that con- 
verted into the internal work, due to the expansion of the 
steam. 

It is Because of this internal work, that the steam in ex- 
panding, does not strictly follow Marriotte's law. 

The Mechanical Theory of Heat is, that the atoms of 

which bodies are composed, are at absolute rest when at a 
temperature of 461.2° below the zero of Fahrenheit, which 
is supposed to be absolute cold and at any degree of temperature 
above this, the atoms are in motion; the extent and force of 
their motion determines what we know as the temperature 
of the body. 

Atoms Are Capable of Transmitting their motion to 

adjoining atoms of the same, or of other bodies, losing of 
course, the amount of motion they transmit, and it is in this 
way that heat is conveyed from one to another part of the 
same body, or from one body to another, this being known 
as the heat of conduction. 

But Heat Hay be conveyed by means of what is known 
as radiation, and also by convection. 

Thns, the Air surrounding a heated body becomes heat- 
ed, and by reason of its expansion it then becomes lighter, 
and rises, a fresh supply of cooler air taking its place, becom- 
ing in turn heated, and again giving place to cooler air, the 
heat thus conveyed away by the fluid or air, is conveyed by 
what is termed convection. 
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Heat Abo PMses from a body in straight lines or rays, 
which do not heat the air through which they pass, to theii 
own temperature, but do impart that temperature to a solid 
body, as iron or water; the heat that passes from a body in 
this manner is termed radiant heat, or the heat of mdiaiim. 

In the Cylinder of a Steam Engine, therefore, tk 

heat contained in the steam is disposed of as follows: 

A Certain Portion of it is converted into work through 
the medium of the piston 

Another Portion is conveyed away by the walls of the 
cylinder, this portion including the heat of convection and 
that of radiation. 

Yet Another Portion is converted into internal work. 
Referring to the latter, suppose that steam is permitted to ex- 
pand and its atoms will be in motion, which motion has been 
derived at the expense of or from the conversion of a certain 
quantity of heat 

The Amount of the heat so converted, obviously depends 
upon the amount of the motion. Suppose, for example, 
that steam is generated in a closed vessel as in a steam boiler 
and that a certain pressure having been attained, the steam 
is i">ermitted to pass off as fast as it is formed from the boiler, 
then the amount of atomic motion will remain constant, be- 
cause the pressure remains constant; but suppose instead 
of the steam passing off, it be confined within the boiler, then 
the pressure will increase and there will be a greater rises 
tance to the motion of the atoms, hence their motion will be 
less, and less of tlieir heat will therefore be converted into 
atomic motion, and as a consequence, more of it will exist in 
the form of sensible heat hence wliile the pressure of steam 
continues to increase, its heat is increased, not only by reason 
of the heat it receives from the furnace, but also by reason of 
that abandoned by the steam, because it is prevented by the 
pressure from expending it in atomic motion. 



PART XV, 



THE INDICATOR. 

The Indicator is an instrument which marks or draws a 
figure or diagram as it is called, which shows the pressure 
there is in the cylinder at every point in the piston stroke, 
while it also shows the resistance offered by the same body 
of steam, to the piston on its return stroke. From the form 
of this figure or diagram, the engineer is enabled to discover 
whether those parts of the engine whose operation regulates 
the admission of the steam to and its exhaust from the cyl- 
inder are correctly adjusted. 

From the Diagram the Engineer may find the aver- 
age or mean effective pressure of steam on the piston through- 
out the stroke, for use in calculating the power of the engine. 

He May Also locate the point of cut-off, of release, the 
amount of back pressure, the degree of perfection of the 
vacuum in a condensing engme, and the amount of compres- 
sion. 

From the Area of the Diagram the engineer may 

also estimate the quantity of steam that is used, and suppos- 
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ing it to be dry eteam, he may calculate tbe amount of val«i 
iiBed to make tlie Bteain, and aBsuining one ]ioitud of conl LO 
evaporate so much water, lie may calculalo the amount of 
coal UBeii to produce the steam. 

The Indicators commonly used "pon steam cylinders 

contain two principal mechanical movements; first a drom 
revolving the piece ot paper upon which ihe diagram ia to be 
marked, and second, a piston and paralell motion for moving 
the pencil to mark the diagram ujion the revolving paper. 

The Dram is eiven a motion that, to insure a correct 
diagram, is exactly timed with the piston motion. 

The Pencil in given a vertical movement; this movement 
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must bear a constant and uniform relation to the pressure of 
the steam in the engine cylinder. 

An Indicator may be attached to each end of the cylinder 
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n the middle, with a pipe passing to each end of the c;lin- 




Ftgs. 119. & 120. 
aa in Fig, 118, but as an indicator of the usual construe- 
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may be shut off while a diagram is being taken from the 
other end, while both ends may be shut off when the indica. 
tor is not being used. 

In the figure a piece of paper (or card as it is commonly 
called) is shown in place upon the drum with a diagram upon 
it. 

The Thompson Indicator is shown in Fig. 119, and in 

section in Fig. 120. 

The Tabor Indicator is shown in P^ig. in, and in section 
in Fig. 122. 

Both are made with the piston and paralell motion as light 
as possible, in order to enable the taking of diagrams at as 
high a speed of engine revolution as possible. 

Each Consists of a cylinder and piston, the bottom sur- 
face of the latter being in communication with the bore of 
the engine cylinder, so as to receive whatever steam pressure 
there may be in the cylinder. 

This Indicator Piston receives, on its other surface, the 
{)ressure of a spiral spring, which acts to resist the steam 
pressure. 

The indicator piston-rod actuates an arm or line on the end 
of which is a pencil, which, by means of a parallel motion, 
is caused to move in a straight line. 

The Paper or card being in place upon the drum, and 
steam let into the indicator, the pencil lever is moved until 
the pencil touches the paper as lightly as possible, and as a 
result of the combined movements of the pencil and drum, 
the diagram is marked, its form being illustrated in Fig. 
123 which represents a diagram placed above a cylinder, and 
the engine piston in three positions; first, at the begining 
of the stroke, second, at the point of cut-off (which is suppos- 
ed to be at one third of the stroke), and third, at the point of 
release where the valve first opens the port for the exhaust. 
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and that from E to A is the b<ick pressure line or counter prtS' 
sure line. 

In This Example it has been supposed that while the 
piston was moving from position 3 to the end of its stroke, 
and the pencil from D to E, the indicator piston would have 
a steam pressure on it equal to atmospheric pressure, hence 

the line from E to A, in this case, represents the atmos* 
pheric line, and also the back pressure line. 

The Atmospheric Line is ft line drawn when there is 
no steam admitted to the indicator, and represents a pressure 
above a perfect vacuum equal to the pressure of the atmos- 
phere. Its use is to show the amount of back pressure, and 
in a condensing engine to show the degree of vacuum ob- 
tained. 

It also forms a line, wherefrom the line of perfect vacuum, 
or that of full boiler pressure, may ber marked. 

The Steam Pressure at any point in the stroke, is de- 
noted by the height of the diagram above the atmospheric 
line, but the steam pressure thus taken is obviously above 
atmospheric and is thus the same as the pressure of a steam 
gauge, which is also above the atmospheric pressure, and 
therefore represents the pressure that produces useful effect 
in a non-condensing engine. 

This is What May be Called a theoretical diagram, 
because first, it supposes the steam not to be admitted to the 
cylinder until the piston was at the end of its stroke, and to 
attain its full pressure in the cylinder before the piston lead 
begins to move, whereas, in order to attain a full steam pres- 
sure at the beginning of the stroke, the valve must have 
lead. 

Second, it Supposes the cut-off to be effected simultan- 
eously, whereas the valve must have time to move and close 
the port, and during this time the steam pressure will fall, 
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and the curve C of the diagram will therefore be rounded 
more or less according to the rapidity with which the valve 
closed. 

TUrd^ it Supposes the steam to have exhausted down to 
atmospheric pressure by the time the piston had reached the 
end of the stroke, whereas the piston will have moved some 
part of the back or return stroke before the steam will have 
had time to exhaust down to atmospheric pressure, and: 

Fourth, it Supposes the steam to remain at atmospheric 
pressure until the piston arrives at the end of its return 
stroke, whereas the valve will begin to close the port and 
cause the steam remaining in the cylinder to compress before 
the piston has completed its return stroke. 

In PraetiGe the diagram will, under favorable conditions, 
accord nearer to the shape shown in Fig. 124 , in which the 
closure of the port for the cut-off is shown by the curve at F. 
At the point denoted by g the valve began to close, and at the 
point denoted by A, the cut-off was completely effected, and 
the expanion curve began. 

The curve beginning at D is caused by the gradual open- 
ing of the exhaust port. 

The height of line of back pressure above the atmospher- 
ic line shows the amount of back pressure. 

At the point m where the back pressure line rises into a 
curve, the valve had closed shutting in the cylinder, a portion 
of the exhaust steam, which is afterwards compressed by the 
piston. 

This Curve is therefore called the compession line or com- 
presstan curve. The point at which it begins cannot be clear- 
ly seen when the exhaust port is closed slowly. 

The Compression Curve ends at p where it merges into 
the admission line, but the exact point where the compression 
ends and the admission begins, cannot always be located, 
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this being the case when the port is oponed slowly, of im 
compression extends through a large portion of the stroke. 

The Admission Line ^ however, in most cases neidy 
vertical when the valve has lead, because the valve opeDstiM 
port quickly while the engine piston is moving at its sloweil 

A Diagram as Drawn by tlie Indicator, D06B IM 

account for all the steam that is used in the cylinder bov- 
ever, as will be seen from Fig. 125, because as the paper 
drum of the indicator receives its motion from the engine 
crossliead, its length represents the length of the piston stroke 
whereas, there is a part of the cylinder bore between the 
piston (wlien it is at the end of the stroke), and the cylinder 
cover, tliat is filled with steam as is also the steam passage. 

This Bteam performs no useful work during the live steam 
period, but obviously expands during the expansion period, 
and therefore affects the expansion curve, and must be taken 
account of in calculating the consumption of steam, of water, 
or of coal from the diagram, or in marking in the true ex- 
pansion curve. 

In Calculating the Horse-Power however, it may be 

neglected, as it does not enter into that subject. 

But in Any Calculation involving the amount of steam 
used, the clearance must be marked in by a line at a nght 
angle to tlie admission line and distant from the nearest point 
of the admission line, to an amount that bears the same pro- 
portion to the whole length of the diagram, as the clearance 
does to the whole contents of the cylinder. 

The Clearance Line is shown at L L in Fig. 124, its 

distance from the admission line representing the amount of 
clearance which includes the contents of the steam port and 
passage, as well as that of the cylinder bore that is between 
the cylinder cover and the piston, when the latter is at the 
end of the stroke. 
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. * 



V* 



the amount of clearaoce 



a Condensiiu; Engine is sLown in 

-resj>onds to Fig. 124 except that the line 
.am or no pressure is marked in. 




Line of no Plc u sm e. 

Fig. 125. 

It represents a perfect vacuum, and must be marked on all 
diagrams from which the consumption of steam is to be cal- 
culated, because the quantity of steam used obviously includes 
that which is used in counter-balancing the pressure of the 
atmosphere. 

Learners Often Get Confosed on this point, hence it 

may be more fully explained as follows: 

Suppose the engine piston to be blocked in the middle of 
the cylinder, and has on one side of it a pressuie of 20 11)8. of 
steam by steam gauge, and on the other the pressure of the 
atmosphere, and we might pump out the steam, thus leaving 
the cylinder empty on that side of the piston. 

The Atmosphere Would Then Exert a presHuro of 

about 14^ lbs. per square inch on one side of the piston, and 
if we slowly admitted steam again, it would have to get up a 
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pressure of 14^ lbs. per square inch before the atmoBpheric 
pressure would be counter-balanced and the piston be in equi- 
librium. 

But the steam gauge would at this time stand at zero, and 
not show that there was any steam in the cylinder, becaose 
the zero of the steam gauge is atmospheric preesura 

When, Therefore, the Steam Gauge showed a pressure 

of 20 lbs. of steam, in the cylinder, there would actually be a 
pressure of 34^ lbs. of steam per square inch. 

The Clearance Line and the Yacanm Line must 

Bothy therefore, be marked on the diagram when the quan- 
tity of steam used is to be computed from the diagram, and 
also when tlie proper or theoretical expansion curve is to be 
marked on the diagram. 

Tlds is Clear^ Beeanse in finding the expansion curve 
for a given volume of steam, the whole of its volume must be 
taken into account, and this whole volume is represented by 
the area enclosed within the clearance line, the steam line, the 
expansion curve, the exhaust line, and the line of perfect 
vacnum, or line of no pressure. 

The Atmospheric Line Should be Drawn after the 

diagram has been taken, and while the indicator is hot, as the 
expansion of the indicator affects the position of this Una 
It is drawn with the steam shut entirely off from the indica- 
tor, whose piston therefore has atmospheric pi*essure on both 
sides of it. 

Whether the Engine is condensing or non-condensing, 
the same amount of steam (all other things being equal) is 
used, the only difference being that in a condensing engine a 
greater portion of the steam is available for diiving the pis- 
ton. 

If the Condenser Produced a Perfect Yacnnm^ the 

whole of the steam would be utilized in propelling the piston. 
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The ''Line of no Pressure'' or of perfect vacuum, is 

marked as far below the atmospheric line as will represent 
the pressure of the atmosphere, which is, at the sea level, about 
14.7 lbs. per square inch when the barometer stands at 29.99 
inches. 

THE BAROMETER 

A Barometer is an instrument for denoting the pressure 
or weight of the atmosphere, which it does by means of a 
column of mercury enclosed in a tube, in which there is a 
vacuum which may be produced as follows: 

A tube having a parallel bore and closed at one end is fill- 
ed with mercury, and while the finger is placed over the open 
end of the tube it is turned upside down and inverted in a 
cup of mercury that is open to receive the pressure of the at- 
mosphere. 

The Finger is then removed from the end of the tube 
and the mercury will fall, leaving a vacuum at its upper end 

The pressure of the atmosphere on the surface of the mer- 
cury in the cup forces the mercury up the tube, because the 
surface of the mercury in the tube has no atmospheric pres- 
sure on it, the action being the same as that already des- 
cribed, with reference to the principles of action of a pump. 

The weight of the atmosphere is equal to the weight of 
that part of the column of mercury hat is above the surface 
of the mercury in the cup, hence lines may be drawn at 
different heights representing the weight of the atmosphere, 
or of any other gas when the column of mercury stands at 
the heights denoted by the respective lines. 

Bnt as Mercnry Expands by Heat, a definite degree 

of temperature must be taken in marking a column, to repre- 
sent the weight, this temperature being 32 degrees Fahrenheit. 

Similarly, as tlie Weight of tlie Atmosphere varies, 
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according to the height at which it is taken from the surface 
of the earth, a deBnite height must be taken. 

The sea level is that usually taken, the mean or average 
atmosphere (at that level), being 14.7 lbs. per square inch. 

For higher altitudes, the mean atmospheric pressure in lbs. 
per square inch, may be found by multiplying the altitude or 
height above sea level by .00053, and subtracting the pro- 
duct from 14.7 

Each Ponnd on the Square Inch is represented by a 

height of 2.036 inches of mercury, hence the height of a col- 
umn of mercury at a temperature of 32® that will balance the 
mean weight of the atmosphere is 29.92 inches, and to avoid 
fractions, it is usual (for purposes not requiring to be very 
exact) to say that the atmospheric pressure at sea level is rep- 
resented by 30 inches of mercury. 

The Atmospheric Pressnre is also to avoid using frac- 
tions taken roughly at 15 lbs. per square inch at sea level. 

Each Two inches of Mercury will, under these con- 
ditions, represent 1 lb. of pressure. 

Tacnam Ganges a,re based upon the same principles and 
subject to the same variations as to altitude, as mercury 
gauges or the barometer. 

To Find the absolute pressure, or pressure above zero or 
a perfect vacuum, we may add the pressure of the boiler 
steam gauge to that shown by the mercury gauge or barom- 
eter. 

In Fig. 125 the line of no pressure is marked at 15 lbs. per 
square inch below the vacuum line of the diagram, the at- 
mospheric pressure being for convenience taken as 15 lbs. 
above a perfect vacuum. 

The Line of no pressnre serves as a guide in showing 
the effectiveness of the condenser, as well as for computing 
the volume of steam used, but is not necessary in computing 
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the horse-power of a non-coDdeDsing engiDe, because the 
gauge pressure has its zero marked to correspond with the 
atmospheric pressure. 

In Compntiiig the Consnmptioii of steam or Water 

from the diagram, therefore, both the clearance Une and the 
line of no pressure must be marked on the diagram, and lines 
of the diagram extended so as to include them, thus account- 
ing for all the steam that leaves the steam-chest from the 
piston-stroke. 

Indieator Springs ft^e varied in strength to suit the pres- 
sure of steam they are to be used for. 

The Scale of the spring is the number of lbs. pressure 
per square inch represented by a vertical motion of the pen- 
cil, thus a 40 lb. spring is one in which a pressure of steam 
of 40 lbs. per square inch would cause the piston to rise an 
inch above the atmospheric line of the diagram. 

The strength, or tension, of the spring is so adjusted as to 
cause the diagram to be about 2^ inches high, let the steam 
pressure be what it may. The following are the scales of 
springs of the Thompson and Tabor indicator. 

A Spring That is Strong Enough for a given pressure 

may be used for any less pressure. 

The Height of the Diagram will, however, be less, and 
accuracy is best secured by having the diagram up to the 
limit of about 2^ inches, using a spring that is light enough 
to secure this result. 

Diagrams of High Speed Engines however, will have 

their lines more regular in proportion, as a bearer spring is 
used. 

This Occurs fiecanse the spring being under more ten- 
sion is less liable to vibration. 

.An Indicator Requires careful cleaning, and oiling with 
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the best of oil, as the slighest undue friction seriously impairs 
the working of the instrument. 

THOMPSON INDIOATOB. 



Scale of spring 


Used for pressure above atmosphere 




if not 


more than 


15 lbs. 




21 lbs. per square inch. 
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Instmctions Upon the care of the instrument, and how 
to take it apart, etc., are usually given by the makers of the 
indicator. 

There are Various Methods of giving to the paper drum 

of the indicator a motion coincident with that of the engine 
piston, but few of them give correct results. 

Bedncing Lerers^ such as shown in Fig. 126, are con- 
structed as follows: 
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B^g. 126 repreflentB a reducing lever with the indicators 
•*t«iched, A C is a atrip of pine board three or four inches wide 
•*kd about one and one-half times as long as the stroke of the 




Fig. 126. 
engine. It is hung by a screw or small bolt to a wooden frame 
attached overhead- A link C J aa long as the stroke, is at- 
tached at one end to the lever, and at the other end to a stud 
screwed into the cross-head, or to an iron clamped to the 
crosB-head by one of the nuts that adjust the gibs, or to any 
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part of the cioes-head that may be conveniently used, 
lever should stand in a vertical position when the piston m 
the middle of the stroke. The conpecting-rod, when 
that point) should be as far below a horizontal position 
it is above it at either end of the stroke. The cords \^hieli' 
drive the paper drums may be attached to a screw inserted 
in the lever near the point of suspension, but a better {daJi 
is to provide a segment, A B, the center of which coinci 
with the point of suspension, and allow the cord to 
around the circular edge. The distance from edge to cen\»T 
should bear the same proportion to the length of the reduc- 
ing lever as the desired length of diagram bears to tho 
length of the stroke. On an engine having a stroke of 4B 
inches, the lever should be 72 inches, and the link C 16 
inches in length, in which case, to obtain a diagram 4 inches 
long, the radius of the segment would be 6 inches. It is im* 
material what the actual length of the diagram is, except 
as it suits the operators fancy, but 4 inches is a length that 
is usually satisfactory. It may be reduced to advantage 
to 3 inches at very high speeds. The cords should leave 
the segment in a line parallel with the axis of the engine 
cylinder. 

The pulleys over which they pass should incline from a 
vertical plane and point to the indicators wherever they may 
be located. If the indicators and the reducing lever can be 
placed so as to be in line with each other, the pulle3rs may be 
dispensed with, and the cords carried directly from the seg- 
ment to the instruments, a longer arc being provided for 
this purpose. The arm which holcls the carrier pulleys on 
each indicator should be adjusted so as to point in the direc- 
tion in which the cord is received 

In All Arrangements of this kind the reduced motion 

is not mathematically exact, because the leverage is not con- 
stant at all points of the stroke. 
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Fanta^aph Motions have been devised for overcoming 
these defects. Two forms have been Buccessfully used, which 
if well made, well cared for, and properly handled, reproduce 
the motion on the reduced scale with perfect accuracy. They 
are shown in working position in Figs. 127 and 128. 



•af 
la 




Fig. 127 represents the manner of attaching the pantagraph 
motion or lazt/ tongs, aa it is sometimes called, when the in- 
dicators are applied to the side of the cylinder. It works in 
a horizontal plane, the pivot end I'cing supported by a post B 
erected in front of the guides, and the working end receiving 
motion from an iron attached to the cross-head. 
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By A^jnstiiiC tbfl Post to the proper height and at a 
proper distance in front of the croBs-head, the cords may be 
carried from the cord pin C to the indicators, withoat the in- 
tervention of carrier pulleya 

If tlie Indicators are Attached to the dde of the cylinder 
the Bimplest form of pantagraph shown in Fig. 128 may be 




used. Tlie working end A receives motion from the cross- 
head, and the front piece B is attached to the floor. The 
cord pin D is fixed in line between the pivot and the work- 
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ing end, and the pulleys E, attached to the block C, guide 
the cords to the indicators. 

The Indicator Bigginiir that gives the best results at 
high speeds is a plain- reducing lever like that first described, 
provided at the lower end with a slot that receives a stud, 
screwed into the cross-head. The length of the lever should 
be two and one-half times the engine stroke. 

Whateyer Plan is Followed, it is desirable to avoid the 

use of long stretches of cord. If the motion must be carried 
a long distance, strips of wood may often be arranged in 
their place and operated with direct connections. Braided 
linen cord, a little in excess of one-sixteenth of an inch in 
diameter, is a suitable material for indicator work. 

To Take a Diagram a blank card is stretched smoothly 
upon the paper drum, the ends being held by the spring clips. 




Fig. 129. 

The driving cord is attached and so adjusted that the motion 
of the drum is central. 

For convenience the two diagrams may be made on the 
same card, as shown in Fig. 128. 



TESTING THE EXPANSION CURVE. 

The TJsnal manner of testing the expansion curve of a 
diagram, is to compare it with a curve representing Marriott's 
law for the expansion of a perfect gas. 
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A TiMORtif ExpUlJSifNI curve that will accord wHk 
Marriott's law. may be constmcted on the diagram by the 
following method: 

Tke UiagnuB, as Drami by the Indieator, will have 

tlie atmospheric Hue upon it^ and from this as a basis, we may 
mark in the line of no pressure or line of perfect vacuom. 

To do this we draw, beneath the atmospheric line, a line 
as far beneath it as will represent the atmospheric line, on 
the same scale as the spring used, in the indicator, to draw 
the diagram. 

Supi>o5c. for example, that a 30 lb. spring was used, and 
assuming the atmospheric pressure to be 15 lbs. per inch, 
then the line of no pressure would be drawn half an inch be- 
low the atmospheric line, because 15 lbs. pull on the spring 
would cause it to distend half an inch. 

The Cleumnee Line Must Then be Drawn in accord. 

ing to directions that have already been given. 

The Next Thln^ to do is to divide the length of the 
(iiagrain into any convenient number of equal parts, by verti- 
cal lines parallel to, and beginning at, the clearance line., as 
sliown in Fig. 130. These lines are numbered as shown, ten 
of th(»m being used because that is a convenient number, but 
any other numljer would do. 

We Next Decide at which part of the diagram its expan- 
sion curve and the test curve shall touch, and in this example 
wo liavc; cliosen that it shall be at line 10. 

We Hare Now to Find what pressure the length of line 
1 represents on the scale ot the indicator spring, which in 
til is case we will suppose to be 25 lbs., the line measuring ^ 
of an inch, and a thirty pound spring having been used to 
draw tlie diagram. Next multiply the pressure (25 lbs.) by 
the number of the line (10), and divide the product (250) by 
the number of each of the other lines in succession, and the 
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quotient will bo the pressures to be represented by the lines. 

For Exunple, For Line 9 ^e have that 250 divided 
by 9 gives 27,7, hence line 9 must be long or high enough to 
represent a pressure of 27.7 lbs. above a perfect vacuum, or 
in this case *^^ of an inch. 

For line 8 we have that 250 divided by 8 gives 31.25 Ibe., 







\ 


















s J 


\ 








\ 


\ 


p-^ 




\? 


s 


^ 


s 




^ S 


n 


rrr 




1 


2 


3 


* 


9 


6 


7 


8 


S 10 



Fig. 130. 

hence line 8 must be high enough to represent a pressure of 
31.25 lbs. above a perfect vacuum. 

The AtmOSpherie Line is, in this case, of no other ser- 
vice than to fonn a guide wherefrom to mark in the line of 
no pressure, or of perfect vacuum. 

Not Take the C&se of line 5, and 250 divided by 5 gives 
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Fig. 131. 

Anothltr Mntbod '>( drawing tlib curve is shown in Fi 

i;tl. HnvitJK 'Imwn lli6 clearance and vacuum lines as I 

forii iiti'l rhiitu'ii wlmre tlio curves Ehall touch (as at a), th 

ilriiw trtmi a a iwrdtmclicular a A. 
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Draw line A 6 parallel to the vacuum line, and at any con- 
"V'^Miient height above or near the top of the diagram. 

From A draw A C, and from a draw a h parallel to D C, 
'titii.en from its intersection with A C, erect the perpendicular 
& c, locating, on A 6, the theoretical point (c) of cut-off. 

From a Number of Points on A B (which may be loca- 

t;ed without regard to equally spacing them), such as E F G 
ckud H, draw lines to C, and also drop pendicular lines, as, 
Ec, F/, Gy, HA. 

From the fnterseetton of E C with h e draw a horizon- 
"tal Une to e. From the intersection of F c with h c draw a hori- 
zontal line, and so on; and where these horizontals cut the 
>rerticals (as at cfg h) are points in the curve, which begins 
at c and passes through efgh, to a. 

But this curve does not correctly represent the expansion 
of steam. It would do so if the steam remained, or was 
maintained at a uniform temperature; hence it is called the 
isothermal curve, or curve of same temperature. But in fact 
steam and all other elastic fluids fall in temperature during 
their expansion, and rise during compression, and this change 
of temperature slightly affects the pressure. 

A dure in which the combined effects of volumn and 
resulting temperatures is represented, is called the adiahatic 
curve, or curve of no transmission; since, if no heat is 
transmitted to or from the fluid during change of volume, its 
sensible temperature will change according to a fixed ratio, 
which will be the same for the same fluid in all cases. 

A SnflKciently Clause approximation to the adiabatic curve 
to enable the non-professional engineer to form an idea of 
the difference between the two, may be produced by the fol- 
lowing process: 

Taking a similar diagram to that used for the foregoing 
illustrations, we fix on a point A near the terminal, where 
th© total pressure is 25 pounds, A^ before, this point i9 
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point is 3.3 inches from the clearance line, and the volume of 
25 pounds 996, that is, steam of that pressure has 996 times 
the bulk of water. 

Now If we Diyide the distance of A from the clearance 
line by 996, and multiply the quotient by each of the vol- 
umes of the other pressures indicated by similar lines, the 
prodiictB will be the respective lengths of the lines measured 
from the clearance line; the desired curve passing through 
their other ends. Thus, the quotient of the first or 25-pound 
presBOTB line divided by 996 is .003313; this multiplied by 
726, the volume of 35 pounds pressure, gives 2.4, the length 
of the 35-poand-pre88ure line; and so on for all the rest. 

Uie AppliCiltlon of either of the above curves will show 
that some diagrams are much more accurate than others, even 
though taken from engines of the same design and quality 
ot workmanship. 

As ft f{0ll6nl Bnle those from large engines will be more 
conect than from small ones, and those from high more cor- 
rect than from low speeds, and in either case efficiently cover- 
ing the Bteam pipes and jacketting the cylinder, to prevent 
condensation, will improve the diagram. 

The CSianeter of fhe imperfection in the expansion 

carve, shown by the application of a test curve, is generally 
too high a terminal pressure for the point of cut-oif, the first 
part of the curve being generally the most correct, and nearly 
all the inaccuracy appearing in the last half. 

The USQftl Explanation of this is that the steam admit- 
ted during the live steam period condenses because of having 
to heat the cylinder, and that this water of condensation re- 
evaporates during the latter part of the stroke when this 
water of condensation is at a higher temperature than the ex- 
panded steam, and thus increases the pressure. 

A Leaky admission valve may generally, however, be 
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Iook(d for (or else wet atsun), if the expuisioii carve tin 
much (luring its lower hftlL 

TO CALCULATE THL HORSB-POWEK 
FROM A DIAGRAM. 
In Calcnlatliig the Hone-Fvwer of an e&gine, ibe 

only assietaiico given by the indioator, is that it provides t 1 
iiiKitiiN of obtaining the average prasare of the Bteam tbrcmgh' 
out thu piutou-Btroke. 

Tlicro are two methods of doing IJug, oue hj means of > 
plaiiiineti-r or averaging instroment, and the other by meam 
of liiivB ciillf'il urilinalu. 

The Ordinates or linea are drawn at a right angle U tlie 
atiiiosjilieric liiii;, as shown in Fig, 133, and each line is taken 
to rcttrcsent tlie average height or lengtli of an»hiU of the 
8[)ace between itself and the next lines. 

Sitpiiose, for example, that we require to get Uie ana of 
that i>art of the diagram that lies between the dotted lines in 
the figure, ami it is clear that tlie average height of this pftrt 
of the iliiigrain is represented by the height of the full line 
between thein. 

Any Number of Ordinates may be used and the greater 
th<iir niitnlier the greater the accuracy obtained. It IB, how- 
over, usual to draw 10. 

The end ordinates A and D, in the figure, should be only 
half the distance from the ends of the diagram that they are 
from the next ordinate, as will be seen when it is considered 
that the ordinate is in the middle of the space it represents. 

The Ordinate Being Brawn their lengths are added 
together, and the sum so obtained is divided by the number 
of ordinates, wliich gives the average height of the ordinates. 

Soppose then« that the &vera^ height of the ordinate is 




Fig. V^2. 
ihown by the diagr&m. will \ie SO lbs, por Bqiinrx moll. Or 
n other words, each inch in the Ucight of tho onliimto riijiiti. 

lenta 30 lbs. pressure per square iiit^h. 
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The Mean EflfectiTe Pressnre having been found, the 
iiidicateil liorse-power (or I. H. P. as it is given in brief) is 
found by multiplying together the area of the piston (minus 
half the area of the piston-rod when great accuracy is re- 
quired) and the travel of the piston in feet per minute, and 
dividing the product by 33000 an example having been given 
on pages from 283 to 285. 

It is to be Obserred however that when great accuracy 
is requii-eil a diagram should be taken from each end of the 
cylinder, as the mean effective pressnre at one end of the 
cylinder may vary considerably from that at the other. 

This will be the Case when a smgle valve is used with 
equal lap, beaiuse, in this case, the point of catK)ff will vary 
on one stroke as compared with the other, which occurs by 
reason of the angularity of the conneciing-rod. 

When Cut-off Yalres or two admission valves are used, 
it may occur from improper adjustment of the valves. It 
occurs in all engines, because on one side of the piston the 
piston-rod excludes the steam from the piston face, unless 
indeed, tlie piston-rod passes through both covers, in which 
case the rod area must be subtracted from the piston area. 

If the Expansion Curye in a diagram from a non-con- 
densing engine should pass below the atmospheric line, then 
the mean efTective pressure of that part of the card that is 
below tlie atmospheric line, must be subtracted from the 
mean effective pressure of that part that is above the atmos- 
plieric line, because the part below represents back pressure 
or pressure resisting the piston motion. 

The Flanimeter Affords a much quicker, and more 
accurate method of obtaining the average steam pressure 
from a diagram. 

CofBns Averaging: Instmment or planimeter is shown 
in Fig. 134, and the method of using it is as follows: 
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A quick metbod of approzimatdng the mean effective pres- 
Bnie (or H. E. P. as it is called) of a diagram ib to draw a 
line a b, in Fig. 135, touchiDg the expansion curve at a, and 




Fig. 134. 
BO inclined that the space e is, as near as the eye can judge, 
equal to the space d. Then tbe line / draw in the middle 
of the diagram, and, measured on the scale of the spring 
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that was used to take the diagram, represents the mean effect- 
tive pressure, or M. E. P., of the diagram. 




Fig. 135. 



CALCULATING THE AMOUNT OF 
STEAM OR WATER USED. 

The Amount of Water evaporated in the boiler is not 
accounted for by an indicator diagram or card, and the full 
reasons for tliis are not known. 

It is obvious, however, that the loss, from the steam being 
unduly wet or containing water held in suspension, is not 
shown by the diagram, and this amount of loss will vary 
with the conditions. 

Thns tbe Loss from this cause will be less in proportion 
as the point of cut-off occurs earlier in the stroke, because as 
the water is at the same temperature as the steam, it will, as 
the temperature of the steam reduces from the expansion, 
evaporate more during the expansion period, doing so to a 
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greater extent in proportion as the cut-off is early, on account 
of there being a wider variation between the temperature of 
the steam at the point of cut-off and at the end of the stroke. 
On the other hand, however, in proportion as the cut-off is 
earlier, the proportionate loss from condensation during the 
hve steam period, is greater, because a greater length of the 
cylinder-bore is cooled during the expansion period, and it 
has more time to cool in. 

Wbaterer Steam is Sared by the Compressl<m, from 

the exhaust, must be credited to the engine in calcula- 
ting the water consumption from the indicator card or diagram 
since it fills, or partly fills the clearance space. 

In engines which vary the point of cut-off, by varying the 
travel of the induction or admission valve, the amount of 
compression is variable with the point of cut-off, and increases 
in proportion as the live steam period diminishes; hence to 
find the actual water or steam consumption per horse power 
per hour, diagrams would require to be taken continuously 
from both ends of the cylinder during the hour; assuming, 
however, that the point of cut-off remains the same, that the 
amount of compressson is constant, that the steam is saturated, 
and neither wet nor superheated, steam and the water con- 
sumption may be computed from the diagram as follows: 

Water-consumption Calculations. An engine driven 

by water instead of steam, at a pressure of one pound per 
square inch, would require 859,375 pounds per horse power 
per hour; the water being of such temperature and density 
that one cubic foot would weigh 62^ pounds. If the mean 
pressure were more than one pound, the consumption would 
be proportionately less; and, if steam were used, the con- 
sumption would be as much less as the volume of steam used 
was greater than an equal weight of water. Hence, if we 
divide the number 859,375 by the mean effective pressure 



w. 
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ftnd by the volume of the termal pressure, the resait will be 
the theoretical rate of water consumption in poands per 
I. H. P. per hour. 





For the terminal pressure, we may ta.l<- 
any convenient point in the expansion ci * 

al, as at A, Fig. 136, in which case the r ^^^ 

diminished in the proportion th.B.t tv ^^'^ ^om 



^^ 
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temaining to be made, A a bears to the wliole ]eiigt}i cif i}iP 
stroke a h\ and it may also be diminislied by tliu |>n>jio:-:i<>ii 
of stroke remaining to be made after tlie iiressun? at A }ias 
been reached in the compression curve at I>. In oilier won is. 
A B is the portion of the stroke ah during which st«'ai]i .'i* 
the presBOxe at A is being consumed. Hence the r>- .!: 
obtained by the above rule is multiplied by A 1!. himI ii.«- 
product divided by a 6. 

To Dlmtratai suppose the mean efTective (irossun; of 

the diagram' to be 37.6 pounds, and the prcssuru at A 'J.'i 

ponnda, of which the volume is 859.375 

996. Then = 2J.94 i^oiin.i.^ 

37.6 x99G 

^ater per L H. P. per hour, the rate that would ho duo \r^ 

using an entire cylinder full of steam at 25 pounds ]iri'ssuf-«* 

every strokei But as the period of con.sun)]>tion is rc|in>scni- 

ed by B Ay ft a being the stroke, the following correction is 

required: 

22.94x3.03 

— — = 20.15; 3,03 inches being the portion B A, and 

3.45" 

inches being the whole length 5 a. This correction allows 
for the effects of clearance as well as coniprossion, since, if 
more clearance had existed, the pressure at A wouhl not 
Lave been reached till later in the stroke, and the consump- 
tion line B A would have been longer. 

But such a rate can never be realized in practice. Under 
the best attainable conditions, such as about tlie load indica- 
ted on the diagram, or more on a large engine with steam- 
tight valves and piston, and well protecUid cylinder and pipes, 
the unindicated loss will seldom be less tlian 10 per cent, and 
it will be increased by departure from any of the above con- 
ditions to almost any extent. It will increase at an accelera- 
ting ratio as the load is diminished, so that such calculations 
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applied to light-load diagrams would be deceptive and mis- 
leading; in fact they have but little practical value, except 
when made for comparison with tests of actual consumption 
for the purpose of determining the amount of loss under cer- 
tain given conditions. 

DEFECTIVE DIAGRAMS- 

In Seeking the causes that may produce a defective dia- 
gram, the following points should be remembered. 

The Indicator Must be kept in perfect order, thorough- 
ly clean and well lubricated, so that its parts will move free- 
ly. It should always be cleaned throughout after using. 

The Motion of the Indicator Drum should be an ex- 
act copy, on a reduced scale, of that of the piston at every 
point in the stroke. 

The Steam Pipes from the cylinder to the indicator, if 
any are used, must be large enough to give a free and full 
pressure of steam, and care must be taken that the water of 
condensation does not obstruct them or enter the indicator. 

The Cord should be as strong as possible, or if long, fine 
wire should be substituted. 

The Pencil should be held to the card with just sufficient 
force to make a fine line with a sharp pencil. 

The Dia«:ram Should be as Lons as the Atmospher- 
ic Line, any difference in this respect showing unequal ten- 
sion of the cord, probably from unequal pressure of the pen- 
cil to the paper or card. 

A Fall in the Steam Line could arise from too small 
a steam pipe, and this could be tested by a diagram taken 
from the steam-chest. It could also occur from too small a 
steam port or an obstructed steam passage as well as from a 
leaky piston. 
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n expansion curve that is higher than it should be, may 
3 from a leaky valve letting in steam after the cut-off had 
irred, or if at the later point of expansion curve, it may 
caused by the steam being wet or containing water. 




Fig, 337. 
ch evaporates as the temperature falls from the expan- 

ji Expansion Cnnre that is Lower Than it Should 

may be caused by a leaky piston, by a valve that l^ak* 
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mi the exhaust side bat not oo the stemm side, or if the ex- 
haust valve is separate from the steam yalve, it may leak 
while the ateam valve is tigiit. 

Ic may also be eaaae«i by the cylinder being nndnly coded, 
art from wacer accnmnlating in a steam jacket. 

There mrt MmMJ Dcftcto in the adjustment of the valve 
gear, or of improper proportioD in the parts that may be 
clearly shown by a diagram, while there are defects which 
might exist and that would not be shown on the diagram. 

It ia posBiblev for example, that a steam valve and the en- 
gine piston may both leak to the same amount^ and as a re- 
sult the expansion carve may Appear correct and not show 
the leak. 

In.%iifficient valve lead woald be shown by the piston mov- 
ing a certain portion of its stroke before the steam line at- 
tained its greatest height in Fig. 137, in which from 
A upwards, the admissson line instead of rising vertically, is 
at an angle to the right, showing that the piston had moved 
a c<;rtain |iortion of its stroke before full pressure of steam 
was arl milted. 

That Too Small a Steam Port or Steam Pipe Did 

Not cause this defect, may be known from the following 
reasoning. 

The Port Opened when the pencil was at A, which 
sliowg tliat the valve had lead. At this time the piston was 
near the dea<l center and moving slower than it was when 
tlic pressure reached its highest point on the diagram, and 
since the stearn line is fairly parallel with the atmospheric 
line, it shows that the port was large enough to maintain the 
pressure when the piston was travelling fast, and therefore 
ample when the piston was moving slow. 

The Bemedy ^^ ^^^i^ case, is to set the eccentric back. 

"With Less Compression the point A would be lowe^. 



KEY TO ENGINES AND ENGINE RUNNING. 389 

£xee8SiT6 Lead is shown in Fig. 138 by the loop at A, 
where the compression curve extends up to the steam line, 
and the lead carries the admission line above it^ because of 
the piston moving against the incoming steam. 

To mark in the theoretical compression curve, the vacuum 
line and the clearance line must be drawn in as in the figure, 
and ordinates must be drawn. 

According to the diagram, in Fig. 138, the compression is 
clearly defined to have begun at C, and at that time the space 




^ d ^ 



Fig. 138. 



filled by steam is represented by the distance from C to the 
clearance line. The pressure above vacuum (or total pres- 
sure), of the steam in the cylinder when the compression be- 
gan is represented by the length or heighth of the dotted 
line 1. 

Now suppose the piston to have moved from the point C 
where compression began, to line 2 (which is midway be- 
tween line 1 and the clearance line), and as the compressed 
eteam occupies one*half the space it did when the piston was 



^ ^ •I'tesure ordinates, corresponds to those given for 

No 9 ^ iwrage shown pressure of a diagram, as explain- 

"^* ^ ^ereuce to that subject, taking care to have the end 

^ 5|jtti.vd half as wide as the intermediate ones, as ex- 

*• '^isii reference to Fig. 133. 



BXAMPLES OF DIAGRAMS. 



of Diagrams from Loeomotiyes are given 

from 139 to 164, which were taken from engine 
the Pliiladelphia and Reading railroad. The 
of the engine are as follows: 

'S Iiink Motion, Cylinders 18^-inch bore, 




•^5».of 




i 
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nil tho oxliaiist side but not on tlv- .v doubled, and line 
haust valve is so]jarate from tl .^.;ir/i as line 1. 
wiiilr ilie stt'ain valve is tight. ^^^ "^^KxA for getting the 
It nijiy al.'^o Ije caused by tl .^. marked midway between 
a-^ tr-MMi water acouiiiulatinr ^4 ^^^^e as high as line 2, be- 
There an* Many Def .-JI occupy half the space it did at ^ 
\:y\\\\ or of iniproiMjr \ ^..r midway between lineSandtlie ^ 
« It 'ally hliown by a d' 
ini-fit exist and that ^ ,.• these lines we may draw the theo- 

It is iKJssiblo, fo' \^ ^-hich is shown dotted in. 
^ino pi.ston may 1 '^^^j ^, g^a^ actually saved by the 
sii le expans' ' ^^ ^^ consider the compression cun-e 
^ ^ ' • ;e point of the diagram where it is con- 

In.iumcien compression actually began, and ending 

ing a certai ^ssion line joins the admission line, and the 

tamed itF ^^^^ between these two points, represents the 
A upwar . ^nder-bore filled by the compression. 

*■ ji average amount to which the steam is com- 
a certp 1^ 

• iust draw within this length of the diagram. 
was f * o ' 

^ 'ca boundaries of the compression curve and the 
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J-'tg. \M*. F:. 140. 

Steam preBBore on lioiler. I lis. 1^^. Ste-uu pres^iuv ou Knler, U^ 125 

^nuotUe wide open Thiv*ttle >vk1o ojvu 

Be^olntions per minnto 8-S Revolutions por minnto ll^S 

Cutting off Bteam aL in. 9 Cnttiui* off stt'am at, in. 8 

Axea of exhanst nozzle, in. 19 G-10 Area of exlmiist nozzlo, in. 19 (V 10 




Fig. 141. 

Steam pressure on boiler, 

llixottle 

Revolations per minute 

Cutting off steam at, i~- 

Azea of exbaust noz2de, 




1. /'///. 1 1•^ 

liler, Dm. I'M) Htcntii pniiMiirii on liiflli i, Mh' I'MI 

Vf'uhi o|N'ti ThnHtlo wnli ii|ri n 

ite 2i'At J{«;v<i|iitioriN (H'!- iii)iiiit.ii |YI 

in. 10 </iiUiii|^ ittf hU'iLiu ni, tn i 

\e,iu, l'JG-10 Arwiof i;xlii»«MiiiJ'///l«, ill, I'/O J<| 
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at C, therefore the steam pressure will be doubled, and line 
2 may be drawn making it twice as high as line I. 

Line 2 is Now tlie Starting Point for getting the 

next ordinate, line 3, and must be marked midway between 
line 2 and the clearance line, and twice as high as line 2, be- 
cause at line 3 the steam will occupy half the space it did at 
line 2. Line 4 is obyiously midway between line 3 and the 
clearance line. 

Throogll tlie Tops of these lines we may draw the theo- 
retical compression curve, which is shown dotted in. 

To Find tlie Amount of Steam actually saved by the 

compression, we have to consider the compression curve 
only, beginning at the point of the diagram where it is con- 
sidered that the compression actually began, and ending 
where the compression line joins the admission line, and the 
horizontal distance between these two points, represents the 
length of the cylinder-bore filled by the compression. 

To Find the average amount to which the steam is com- 
pressed, we must draw within this length of the diagram, 
and within the boundaries of the compression curve and the 
line of no pressure ordinates, corresponds to those given for 
finding the average shown pressure of a diagram, as explain- 
ed with reference to that subject, taking care to have the end 
ordinates spaced half as wide as the intermediate ones, as ex- 
plained with i-eference to Fig. 133. 

EXAMPLES OF DIAGRAMS. 

Examples of Diagrams from Loeomotiyes are given 

in the figures from 139 to 164, which were taken from engine 
number 222, of the Philadelphia and Reading railroad. The 
dimensions of the engine are as follows: 

Stephenson's JAsHk Motion, Cylinders l scinch bore^ 
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22-inch stroke; four driving wheels, 67^-incli diameter; total 
heating surface, 1089 square feet; weight on driving wheels, 
60,780 pounds; total weight of engine 89,750 pounds. 

The conditions under which each diagram was taken are 
stated heneath it. 

The scale of the indicator spring was 90 lbs. per incii, or in 
other words, each inch in the height of the diagram above 
the atmospheric line indicates 90 lbs. pressure per square inch. 





Fig. 139. 



Fig. 140. 



Steam pressure on boiler, lbs. 135. Steam pressure on boiler, Uw. 125 

Throttle wide open Throttle wide oihmi 

Bevolutions per minute 88 Revolutions per minute IDS 

Cutting off steam at in. 9 Cutting off steam at, in. 8 

Area of exhaust nozzle, in. 19 6-10 Area of exhaust nozzle, in. 19 6, 10 





Fig. 141. Fig.U2. 

Steam pressure on boiler, lbs. 130 Steam pressure on boiler, lbs. 120 

^rottle wide open Throttle wide open 

Revolutions per minute 260 Revolutions per minute 174 

Cutting off steam at, in. 10 Cutting off steam at, in. 4 

Areaof exhaust nozzle, in. 196-10 Area of exhaust nozzle, in. 196-10 
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Fig. 143. 



F{§. \U. 



Stwun preflBort on boUer, lbs. ]90 Steam prewire «i bofler, lbs. 135 

Throttle wide open Tftrottle opeit* 

Bevolntions per minute 910 JUvrolntioiMi per minnl^ 985 

Catting off iteam at, in. 10 Gritting off steam at, in. 8 

Axea of exhaust nozzle iiL 194-10 jUmT? exhaust nozzle, in. 19M0 





Fig, 145. 



Fig, 146. 



Steam pxessnre on boiler, lbs. 185 8team preesnfe on b«iler, lbs. 110 

Throttle wide open ttroitle wide open 

Kevolutions per minute 320 Bcrrolations per minnte 340 

Gntting off steam at, in. 8 Culling off steam at, in. 9 

Area of exhaust nozzle, in. 196-10 4i<ea of exhaust nozzle, in. 19^10 



The diagrams from Fig. 147 to Pig. 1&7 «n takeH from a 
locomotive engine on the Philadelphia and Beading railroad 
which had the Joy valve gear. The dkiensions of the Migiae 
are as follows: 
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GylindeiB 21 inches diameter; 22 inches Btroke. 

Four driidng wheels 67^ im-ht-s dinnieter. 

Total heating surface ll'M stiuare feet. 

Grate area 7G niunre feet. 

Weight on driving wheels (14,250 |M>iindH. 

Total weight of engine *.)H,2(H) ixnmdH. 

Lead on steam port | inch. 



^/S Iht. 




Fig. 147. 

Steam pressure on boiler, lbs 118 

Revolutions per minute 72 

Cutting off steam at, in 9^ 

Exhaust nozzle area sq. in 19 

Miles per hour, about 14.3 

Throttle wide open. 

When the first four (Figs. 147, 148, 149 and 150) were 
taken the valve had but -\ incli load, and the result is plainly- 
marked on the diagram, wliere it is seen tliat tlie admission 
was imperfect and tlie imperfection is more plainly marked 
as the links were hooked up for the earlier cut-off, and at one 
end more than at the other. Thus on the right hand end of 
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Fig. 149 it is seen that after the point A, where the lea 
oj)ened,' the piston moved some distance before the steai 
pressure reached the highest point shown on the diagram. 

The Reason that the Diagram for one end, varies froi 

that for the other end of the cylinder, is that the engin 
settled down somewhat upon her springs. 



//^ /is. 




Fig, 148. 

Steam pressure on boiler, lbs 110 

Bevolutions per minute 186 

Cutting oflF steam at, in 9^ 

Exhaust nozzle area, sq. in 19 

Miles per hour, about 37 

Throttle wide open. 

In more improved applications of the Joy valve gear thi 
disturbing element is eliminated. 

The Effect of Increasing the lead is plainly shown i 

Figs. 151, 152, 153 and 154, the admission being greatl 
improved. 

The effect of using a heavy indicator spring is also illui 
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trated in these lour figures, as the lines are less waveil, and 
the vertical height of the «liagram is reduced. 

Diagrams at Higher Speed are shown in Figs. 155, 156 

and 157. 



/fa lbs 




L 

Fig. 149. 

Steam pressure on boiler, lbs. 118 

Bevolations per minute 218 

Gutting off steam at, in 9 J 

Exhaust nozzle area sq. in 23 

Miles per hour, about 43.4 

Throttle wide open. 



It will be observed that in the left hand diagrams the lead 
still seems deficient, the defect appearing most strongly 
marked in Fig. 156, but appearing also in Fig. 155 at both 
ends. In Fig. 157 the line of back pressure is higher on 
account of the exhaust nozzle being closed more, and the 
higher speed the engine was running at. 
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Fig, 150. 

Steam pressure on boiler, lbs. 116 

llevolutions per minute 232 

('uttinj< off steam at, in 9f 

Exhaust nozzle area, sq. in 23 

Miles per hour, al>out 46.1 

Throttle wide open. 



. .jj^. M^» 




Fig. 151. 

Revolutions per minute 104 

Cuttinp: off at, in llj 

Miles per hour, about 20.7 

Throttle wide open. 
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Particulars for the diagram shown in Fig. 154, 

BeTolntions per minute 240 

Catting off st«»m at,in 5| 

Miles per hour, about 47.7 

ThrotUe half open 



'23 ?ii 




Fig. 155. 

Revolutions per minute 243 

Cutting off steam at, in 7| 

Exhaust nozzle area sq. in. 25 9-10 

Miles per hour, about 47.7 

T]ux)ttie wide open. 

//S/Ss 




Fig. 156. 



Revolutions per minute 300 

Cutting off steam at, in Si 

Exhaust nozzle area sq. in 25 9-10 

Miles per hour, about 59.7 

Throttle wide open. 
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% 

C 

Fig. 157. 

Beyolntdons per minnte 3.'W 

Cuttmg off steam at, in 7* 

Exhaust nozzle area sq. in V^ 

Miles per hour, about 00.2 

Throttle wide open. 



The Following Diagrams are from a passenger locomo- 
tive having the diuiensions below 

Diameter of cylinder 18 incht^. 

Len«. th of stroke 22 

Diameter of driving wheels (MJ 

Travel of valve 4-J 

Outside, or steam, lap v 

Inside or exhaust lap \ 

Scale of Indicator spring 40 lbs. per inch. 

The Boiler Line G H, represents in all tlie diagrams llie 
boiler pressure, and is drawn as follows. 

While the Engine is Standing Still wiili tlie tlirottle 

valve wide open, steam is admitted from the steam-cliest to 
the indicator, and the indicator drum is revolved by pulling 
its cord by hand, lience the indicator marks tho line G H. 

Or the Boiler Line May be Drawn by Hand, being 

parallel to the atmos{)neric line, and above it to a distance 
that measures on the scale of the indicator showing a dis- 
tance equal to the boiler pressure as indicated by the steam 
gauge. 
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Suppose, for example, that a 40 lb. spring is used in the 
indicalor and that ih/% boiUr pratMsiire hy gauge is trO Wis,, 
then the line O H would be drawn 2 inches above the at- 
mospheric line, because S -i- 40 = 20, or in other woids, 
the boiler pressure shown by the steam gauge divided by the 
scale of the spring, gives the height in inches that Ibe 
boiler hue stands abova the atmospheric line. 

The steam line of a diagram does not, under favorable ecm- 
ditionsy meet the boiler line but falls not less than 5 lbs. below 
it, and in throttling engines, considerable more. 
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Fig. 158. 



The engine being started and steam from the steam-chest 
being admitted to the indicator, it will draw upoa the cKtd 
or the diagram a line indicating whatever ftuctuation of pies- 
sure occurs in the steam-chest, this line of steamchest pres- 
sure being shown in some of the following diagrams. 

With the Link in Full Gear and the engine just 

started, the diagram, Fig. 158, was made, as the scale of the 
indicator was 40 lbs. per inch, then the steam-chest pressure 
may be obtained by multiplying this 40 by the distance in 
inches and parts of an inch. 
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Thus Boppose line G H meftsared time incbeB (m it doM 
on the diagram, the engraving having been retluceti), from 
line A B and it would repreaeni 120 lbs. M the sUtfuu-cheBt 
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Fig, 159. 

pressure because three times forty are one Imndred and 

twenty. 

Q H 




A B 

Fig. 160. 

The Sodden Pall of tlie steam line of the diAgra"* ** 
the point K was caused by the steam port of the other cylin- 

D D 
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der opening and causing the pressure in the steam-chest to 
reduce. 

The point of release is obviously at F. 

Fig. 159 was taken with the link motion hooked up so as 
to cut off at half stroke, the engine making about 100 revo- 
lutions per minute. 

It Will be Seen in this card, that the pressure during 
the admission or live steam period, fell far short of chest pres- 
sure, and the exact amount may be found by measuring the 
distance between the top of the diagram and the line G H, 
and multiplying it by the scale of the indicator spring, thus 
suppose the above distance measures half an inch, and if we 
multiply 40 (the scale of the spring), by i^ or .5, we get 20, 
and 20 lbs. will be the difference between the boiler pressure 
and the pressure in the cylinder before the point of cut-off. 

It is here seen also, that the exhaust is not entirely free, 
above the atmospheric line A. 

To find the amount of back pressure at any particular 
point in tlie stroke, we measure the distance, at that point 
between the exhaust and atmospheric lines and multiply it 
by the scale of the indicator spring, thus suppose at some 
one point in the stroke the distsnce between the exhaust 
line and the atmosplieric line measures ^ inch, and we divide 
the scale of tlie spring by 4, getting 10 lbs. per square inch 
as the amount of back pressure at that particular point in the 
stroke. 

The Reason there is back pressure, is because the engine 
was making 100 revolutions, and there was not sufficient 
time for the steam to pass unobstructed through the exhaust 
nozzle. 

With the Link Hooked Up to cut off at about -j stroke 

the diagram Fig. 160 was taken, the revolutions being 200 
per minute, and it is seen that the steam line does not, dur- 
ing the live steam period, keed parallel to the line G H as it 
should do. 
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This 18 Caused by the Steam port Not Openins: wide 

enough, and is a defect intadental to all flat valves which are 
single ported, and have their travel reduced so as to cut-off 
early in the stroke, whether the reduced travel is obtained 
by a link motion or by any other means, as, for example, bv 
shifting the eccentric across tiie shaft. 

A diagram from the steam -chest, when the engine was 
first starting, is shown in Fig. 161, the steam being cut off 
at ^ stroke. 

G I -_ D 




A 



Fig. 161. 

At the beginning of the stroke the pencil stood at E, and 
as the port opened the pressure fell until the point L was 
reached where it is the least. 

Stoam Was Cut-Oflf at H and the pressure tlien rose, 
finally reaching I which is above the boiler pressure, which 
occurred because of the arrest of the motion of the steam in 
the steam pipe. 

When the port for the other cylinder opened the pressure 
again fell. 

Fig. 162 is taken from a steam-chest, the throttle valve 
being partly closed and the engme making about 200 revolu- 
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iKMM per minute, trith the cut-off at one-third of the stroke, 
and it will be seen that the steam-cheet pressure remained 
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Fig. 163. 

nearly uniform but below boiler pressure on account of the 
throttling. 

G H 





A B 

Fig. 164. 

A Biaiatim From the Exhaust P<ni; is shown in Fig. 
163, the cutoff having occurred at one- third stroke and the 
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engine just started, bence the exhaust is free on account of 
tlie slow piston speed. Fig. 164 is from the exhaust port 




Fig, 164. 

with the cutH>lf at ^ as before, but with the engne wheels 
making about 1 60 revolutions, hence the Steam had less 
time to escape, and there is therefore back pressfird. 
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Reynolds. Locomotive Engine Driving. A Practical Manual for Engi- 
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tween the years 1803 and 1892. Illustrated. i2mo. 3d edition. Lon- 
don, 1896. iii.50 

Synnestvedt. Diseases of the Air Brake System. Their Causes, Symp- 
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Building and Machine Draughtsman. A practical guide to the projection 
and delineation of subjects met with in the practice of the engineer, 
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gether with general information applicable to Shop Tools, Mill Gearing, 
Pulleys and Shafts, Steam Boilers and Engines. Embracing valuable 
Tables and Instructions in Screw Cutting, Valve and Link Motif>n. 2d 
edition. i6mo, mor., pocket form. New York, 1892. fi.25 



D. VAN NOSTRAND COMPAKW 

Engineering Estimates, Costs, and Accounts. A Ituiiio to l'omti\oM ta) 
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the component and essential parts of mechanism— Sliafts, Pe(li»«ial«, 
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new matter. Illustrated by J. W. Adams. i2mo, mor. tucks. New York, 
1893. ;^2.oo 



LIST OF BOOKS. 

Van Cleye. English and American Mechanic. An every-day Hand-Book 
for the Workshop and the Factory. Containing Several Thousand Re- 
ceipts, Rules, and Tables indispensable to the Mechanic, the Artisan, and 
the Manufacturer. A new, revised, enlarged, and improved edition. 
Edited by Emory Edwards, M.E. i2mo. Philadelphia, 1895. $2.00 

MECHANICS (ELEMENTARY AND APPLIED). 

Chturch. Notes and Examples in Mechanics ; with an Appendix on the 
Graphical Statics of Mechanism. 128 illustrations and 6 plates. 8vo. 
New York, 1897. %2,oq 

Cotterill. Applied Mechanics, an Elementary General Introduction to 
the Theory of Structures and Machines. Illustrated. 3d edition. 8vo. 
London, 1895. j^5.oo 

and Slade. Lessons in Applied Mechanics. i2mo. London, 1894. 

Net ;Jii.2S 

Dana. A Text-Book of Elementary Mechanics for the use of Colleges 
and Schools. loth edition. i2mo. New York, 1898. $i-So 

DuBois. Elementary Principles of Mechanics. Designed as a Text-Book 
for technical schools. 3 vols. 8vo. New York. 

Vol. I. Kinematics. t>Z'^^ 

Vol. II. Statics. 14-00 

Vol. III. Kinetics. $3-50 

Garnett. Treatise on Elementary Dynamics. For the use of Colleges 
and Schools. 5th edition. 8vo. London, 1889. A^.f/$i.5o 

Geldard. Statics and Dynamics. Illus. i2mo. London, 1893. $\.y^ 

Goodeve. Principles of Mechanics. New edition, rewritten and enlarged. 
i2mo. London, 1889. $2.50 

Manual of Mechanics. An Elementary Text-Book for Students of 

Applied Mechanics. Illustrated. i2mo. London, 1881. $0.80 

Hancock. Text-Book of Mechanics and Hydrostatics. With over 500 
diagrams. 8vo. New York, 1894. «>i-75 

Hughes. Condensed Mechanics : a selection of Formulae, Rules, Tables, 
and Data for the Use of F:ngineering Students, Science Classes, etc., in 
accordance with the requirements of the Science and Art Department. 
i2mo. London, 1891. $1.00 

Jamieson. Elementary Manual of Applied Mechanics. Specially ar- 
ranged for the use of First Year Science and Art, City and Guilds of 
I^ndon Institute, and other Elementary Engineering Students. i2mo. 
London, 1898. ^^-25 
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Kennedy. Mechanics of Machinery. With numerous illustrations. i2mo. 

London, 1886. ^3- 50 
Kinematics of Machinery ; or. The Elements of Mechanism. i6mo, 

boards. New York, 1881. I0.50 

Nystrom. New Treatise on Elements of Mechanics. Svo. Philadelphia, 

1875. ^.00 

Perry. Applied Mechanica Illustrated. i2mo. London, 1898. 

$2.50 
Practical Mechanics. Bdng the Fourth Volume of <* Amateur Work Il- 
lustrated." Plates and illustrations. 4to. London. l^3-oo 
Rankine. Applied Mechanics, comprising Principles of Statics, Cinemat- 
ics, and Dynamics, and Theory of Structures, Mechanism, and Machines. 
i2mo. 15 th edition, thoroughly revised, by W. J. Millard. London, 1898. 

^5.00 

« 

and Bamber. Mechanical Text-Book ; or. Introduction to the Study 

of Mechanics and Engineering. With numerous diagrams. 4th edition, 
revised. Svo. London, 1890. ^3-50 

Stahl and Woods. Elementary Mechanism. A Text-Book for Students 
of Mechanical Engineering. 7th edition, revised and enlarged. Illus- 
trated. i2mo. New York, 1896. ^2.00 

Weisbach. Theoretical Mechanics, with an introduction to the Calculus. 
Translated from the fourth German edition by E. B. Coxe. 8th edition, 
revised. Svo. New York, 1889. ^id.oo 

Vol. II., Part I. Hydraulics and Hydraulic Motors. ^5*oo 

Vol. II., Part 2. Heat, Steam, and Steam Engines. l5<oo 

Vol. III., Part I. Kinematics and Machinery of Transmission. I5.00 
Vol. III., Part 2. Machinery of Transmission and Governors. #5.00 

Wood. Elements of Analytical Mechanics. With numerous examples 
and illustrations. For use in Scientific Schools and Colleges. 7th edi- 
tion, revised and enlarged, comprising Mechanics of Solids and Mechanics 
of Fluids, of which Mechanics of Thirds is entirely new. Svo. New 
York, 1897. fc.oo 

— — Principles of Elementary Mechanics. Fully illustrated. 9th edition. 
i2mo. New York, 1894. ^1.25 

Wright. Text-Book of Mechanics. With numerous examples. 3d edi- 
tion. i2mo. New York. I2.50 



LIST OF BOOKS, 

MISCELLANEOUS. 

Amateur Mecluuiic's Workshop. A Treatise containing plain and condse 
directions for the manipulation of Wood and Metals, including Casting, 
Forging, Brazing, Soldering, and Carpentry. By the author ol "The 
Lathe and its Uses." 7th edition. Illustrated. 8vo. London, 1888. 

fe.oo 

Saunders. Compressed Air Production. Rules, tables, and illustrations 
relating to the Theory and Practice of Air Compression and Compressed 
Air Machinery. Illustrated. 8vo. New York, 1898. $1.00 

Smith. Workshop Management : a Manual for Masters and Men, com- 
prising a few IVactical Remarks on the Economic Conduct of Workshc^s. 
3d edition. i2mo. London, 1883. |k>.8o 

Pljrmpton, Prof. Geo. W. How to become an Engineer ; or, the Theo- 
retical and Practical Training necessary in fitting for the Duties of 
the Civil Engineer. (Van Nostrand's Science Series). $0.50 

STEAM AND STEAM ENGINES. 

Alexander. Model Engine Construction. With Practical Instructions to 
Artificers and Amateurs. Containing numerous illustrations and twenty- 
one Working l)ra\\ings, from Original Drawings by the Author. i2mo. 
Ix)nclon, 1S95. i{^3>oo 

Baker. Treatise on the Mathematical Theory of the Steam Engine. 

With Rules at length and Examples worked out, for the use of practical 
men, with numerous diagrams. 8th edition. London, 1890. ^.60 

Bale. How to Manage a Steam Engine ; a Handbook for all who use 

Steam. Illustrated, with examples of different Types of Engines and 
Boilers; with Hints on their Construction, Working, Fixing, Economy 
of Fuel, etc. 7th edition. i2mo. London, 1890. $o.Z(/ 

Bourne. Catechism of the Steam Engine in its various Applications to 
Mines, Mills, etc. New edition, enlarged. Illustrated. i2mo. Ne^ 
York, 1897. %2.QC 

Hand-Book of the Steam Engine, containing all the Rules require<> 

for the right Construction and Management of Engines of every ClasS; 

with the easy Arithmetical Solution of those Rules. Illustrated. i2mo. 

New York, 1892. |5i-75 

Burn. Steam Engine, its History and Mechanism. 3d edition. 8voi 

Illustrated. London, 1857, jtl-OQ 
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Clark. Steam and the Steam Engine, Stationary and Portable. (Being 
an Extension of the Elementary Treatise on the Steam Engine, of Mr. 
John Sewell.) 4th edition. London, 1892. ^1.40 

The Steam Engine. A Treatise on Steam Engines and Boilers; 

comprising the Principles and Practice of the Combustion of Fuel, the 
Economical Generation of Steam, the Construction of Steam Boilers, 
and the principles, construction, and performance of Steam Engines, 
Stationary, Portable, Locomotive, and Marine, exemplified in Engines 
and Boilers of recent date. Illustrated by above 1,300 figures in the text, 
and a series of folding plates drawn to scale. 2 vols. 8vo. London, 
1895. I15.00 

Colyer. Treatise on Modem Steam Engines and Boilers, including Land, 
Locomotive, and Marine Engines and Boilers. For the use of Students. 
With 46 plates. 4to. London, 1886. i{^5*oo 

Cotterill. Steam Engine considered as a Thermodynamic Machine. A 
Treatise on the Thermodynamic Efficiency of Steam Engines. Illus- 
trated by tables, diagrams, and examples from practice. 3d edition, re- 
vised and enlarged. 8vo. London. 1896. net #4.50 

Diesel. Theory and Construction of a Rational Heat Motor. Translated 
from the German by Bryan Don kin. With eleven figures in the text and 
three plates. 8vo. London, 1894. 1^2.50 

Edwards. American Steam Engineer, Theoretical and Practical With 
Examples of the latest and most approved American Practice on the De- 
sign and Construction of Steam Engines and Boilers of every description. 
For the use of Engineers, Machinists, Boiler Makers, etc. Illustrated by 
77 engravings. i2mo. Philadelphia, 1893. $2.50 

Practical Steam Engineers' Guide in the Design, Construction, and 

Management of American Stationary, Portable, and Steam Fire Engines, 
Steam Pumps, Boilers, Injectors, Governors, Indicators, Pistons, and 
Rings, Safety Valves and Steam Gauges. For the use of Engineers, 
Firemen, and Steam Users. Illustrated. 3d edition, revised and cor 
rected. i2mo. Philadelphia, 1898. ^^2.50 

Pvers. Steam and other Prime Movers. A Text-Book both Theoretical 
and Practical. Illustrated. i2mo. London, 1890. $1.50 

. Steam and the Steam Engine ; Land, Marine, and Locomotiva Il- 
lustrated. i2mo. New York. t>\S30 

Swing. Steam Engine and other Heating Engines. Illustrated. 8vo. 
Cambridge, 1897. fe»7S 
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53.00 
Withno- 
(Eagrams, aiithiDedca] exunples, and examination questions. 
i2mo. London. 1S9SL 5i~40 

Lardaer. Treatiae oa the Steam Emgtmt, for thenseof Beginners. i6th 
editioA. Ilhistiated. London, 1S93. $0.60 

ht Vaa. Steaai Eaciae aad the Indicator ; their Origin and Progressive 
De^'elopment, indoding the most recent examples of Steam and Gas 
Motors, together with the Indicator, its Prindpies, its Utility, and its Ap- 
plication. Utistrated bv 205 Engravings, chiefly of Indicator Cards. 8vo. 
Philadelphia, 1892. ^.00 

Kallet Compound Enginea. i6mo, boards. New York, 1884. I0.50 

Karka. Relattre Pioportioiia of the Steam Engine. i2mo. niastrated. 

3d edition. Philadelphia, 1896. $3-00 

Paabodj* Table of the Piopertiea of Satnnted Steam and other Vapors. 

8vo. New York, 1888. ^i-oo 
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Piaj. Stem TjM» aai Sasne CirtiBti. For fariEtating aD calcn- 
ladoDS vpoB Indirator Diagrams or Vaiioas Probknks connected with 
the operaticMi of the Sccam Engine, from refiable data and vith precxsaon 
compiled from Regnanh, Rankine, and Dixon directhr, making use of the 
exact reoordsL Srot Nev York, 1S94. $2.00 

PiBlrfiif HaflBal •€ tke Steam Sagme and other Prime >foTers» with 
nnmetons tables and iDostiations. izmo. 13th edition. London, 1S97. 

$5.00 

fiigg. Pnctkal Treatiae oa tke Steam Sngiae, containing Plans and 
Anangements of Details for Fixed Steam Engines, with Essays on the 
Prinopies inrohred in Design and Constmction. Copiously tDustiated 
with woodcots and 96 plates^ 4tOL 2d etfition. New York, 1S94. 

^fOuOO 

Sipper. Steam. HlostnitecL tzmo. London, 1SS9. I'f.Go 

Tins wtiffk is based spoa a camnt •€ le ciu ic s prca to an ereniiig dass of Tovag bm- 
chairifal rnpnrrfs 00 steam, sinsi nugiaes, and botleis. It is irmaifcably dear, o ooc we , 
and pfactical ; ao svperfcoas ■atier is imi odaccd, and erety pagv 8°^ duectl j to the 
point. It is die best book for b^inaers. and also for those who vish to haTe a minml 
embfacamg die piactical featnrcs of the sobjecls in small c o m p as s . 

Soper. Hand-Book of Modem Steam Fire Engines ; including the run- 
ning, care, and management of Steam Fire Engines and Fire Pumps. 
2d edition, revised and corrected by H. L. Stdlwagen. Illustrated. 
i2mo, mor. tucks. Philadelphia, 1897. ^J-S^ 

Hand-Book of Land and Xarine Engines, including the Modelling, 

Construction, Running, and Management of Land and Marine Engines 
and Boilers. 9th edition, revised, enlarged, and improved. i2mo, mor. 
tucks. Philadelphia, 1897. #3.50 

Catechism of High Pressure or Non-Condensing Steam Engines, 



including the ModeUing, Constructing, Running, and Management of 
Steam Engines and Steam Boilers. 20th edition, revised and enlarged. 
Illustrated. i2mo, mor. tucks. Philadelphia, 1897. |.2.oo 

— Tonng Engineer's Own Book. Containing an Explanation of the 



Principle and Theories on which the Steam Engine as a Prime Mover is 
based, with a description of different kinds of Steam Engines, Condens- 
ing and Non -Condensing, Marine, Stationary, Locomotive, Fire, Trac- 
tion, and Portable. 106 illustrations. 3d edition, revised. 16 mo, mor. 
tucks. Philadelphia, 1897. #3<oo 

Rose. Modem Steam Engines. An Elementary Treatise upon the 
Steam Engine, written in Plain Language ; for use in the Workshop as 
well as in the Drawing Office. Giving FuU Explanations of the Con* 
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LIST OF BOOKS. 

struction of Modern Steam Engines ; including Diagrams showing thdr 
Actual Operation ; together with Complete but Simple Explanation of 
the Operations of various kinds of Valves, Valve Motions, and Link 
Motions, etc., thereby enabling the ordinary engineer to dearly under- 
stand the Principles involved in their Construction and use, and to Plot 
out their movements upon the Drawing Board. New edition, revised 
and improved. 453 illustrations. 4to. Philadelphia, 1897. ;^.oo 

Key to Engines and Engine Sunning. A Practical Treatise upon 



the Management of Steam Engines and Boilers, for the use of those 
who desire to pass an Elxamination to take Charge of an Engine or 
Boiler. With numerous Illustrations and Instructions upon Engineers* 
Calculations, Indicator Diagrams, Engine Adjustments, and other Valu- 
able Information necessary for Engineers and Firemen. i2mo. N. Y. 

1899- ;^2.50 

Thurston. History of the Growth of the Steam Engine. 4th revised 

edition. Illustrated. i2mo. New York, 1897. ^2.50 

Kanual of the Steam Engine. For Engineers and Technical 

Schools. Part I. Structure and Theory. Illustrated. 8vo. New 
York, 1897. ;^.oo 

Part II. Design, Construction, and Operation. Illustrated. 8vo. New 

York, 1897. ;^6.oo 

Or in sets. $10.00 

Hand-Book of Engine and Boiler Trials, and of the Indicator and 

Prony Brake, for Engineers and Technical Schools. Illustrated. 8vo. 
New York, 1897. $5.00 

Stationary Steam Engines, Simple and Compound, especially as 



adapted to Electric Lighting Purposes. 5th edition, revised, with addi- 
tions. Illustrated. i2mo. New York, 1893. $2.50 

Turnbull. Treatise on the Compound Engine. 2d edition, revised and 
enlarged by Prof. S. W. Robinson. i6mo, boards. New York, 1884. 

$0.50 

Watson. Small Engines and Boilers. A Manual of Concise and 
Specific Directions for the Construction of Small Steam Engines and 
Boilers of Modern Types from five horse-power down to model sizes. 
i2mo, cloth. Illustrated with numerous diagrams and half-tone cuts. 
New York, 1899. $1.25 

Weisbach. Heat, Steam, and Steam Engine. Translated from the 4th 
edition of Vol. II. of Weisbach's Mechanics. Containing notes giving 
practical examples of Stationary, Marine, and Locomotive Engines^ 
showing American practice, by R. H. Buel. Numerous illustrations. 
8vo, New York, 1891. $S*oo 
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TRANSMISSION OP POWER, BKLTlNd, l^tt. 

Compressed Air. Kxjv^nmowt^ m^vnw thi^ 1\{^^^>»w<'««'^^n\n vn< hN\\v> \\) 
Compres5;ed Air, in Vans <^1V)\p\ S\>tvmNx A^Nx< \\\\' '\'\i\\\n\\\\^'^\\\\\ i\\\\\ 
Distribution of To^-or from iVnUrtl S<rt«^N<N!«« hy \'om^Mt*»nv\\ \\\. \\\\\^ 
trated, i6mo. Now York, iSv)2. I^VV^ 

Toothed Gearing. A tactical UrtnilUooK Uw t^rthv* a\\\\ \\\\\M\\s\s^. 
By a Foreman Pallern Maker. \H.[ illunhrtUou*. Hm»v i,HH»iHU, 

Unwin. On the Development and Tranamlmitotl of t*OWi*» rinin tiMMtrtl 
Stations. IWing the Howan! lAUtunm (Ii«IIvi'IimI iM IIim Mmlhly hf AiN 
in 1893. Illustrated. 8vo. New YotU, 1H94. fM^^ 

VALVES AND VALVE OKAWH. 

Auchincloss. Practical Application of th« illd«>Viilv« MHff l\nk MhHhH 

to StJilioiiary, I'orliiMc', liOrninollvf*, miwI M«flM*« l'>f««lfM'«i, wllh HMt tiUt\ 
.simple methodn for proportloiihi^ iht* pMrt.ti. iiiU'^Unh'tl I |^ff Hi\^htUt 
revised and enljir^i'd. Hvo. N#'W Vork, fW';7. 1^*'''' 

Bankson. Slide Valve t)Uk%rnm». A i^tt-wU M*'ihtti nl Hiiinuntint 

Slide Valve f>i;i^r;itriA, H h>if^'«i. ifftwt. N*-^ UnfV^ t^ff* pi ^i 

BueL Safety Valve». sdiwu S^rA^iW Nt-fr V'ftif, t^^/h pi y/ 
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LIST OF BOOKS, 

Le Van. ^Safety Valres; Their History, Antecedents, Invention, and 
Calculation. 69 lUustrations. i2mo. New York, 1892. $2.00 

KacCord. Treatise on the Moyement of the Eccentric upon the Slide 
Valve, and explaining the Practical Process of Laying out the Move- 
ments, adapting the Valve for its various duties in the Steam Engine, 
for the Use of Engineers, Draughtsmen, Machinists, and Students of 
Valve Motion in generaL 2d edition. 4to. Illustrated. New York, 
1883. ;^2.5o 

Peabody. Valre Gears and Steam Engines, y^ Plates. 8vo. New 
York, i898« ^2.50 

Soae. Slide Valye Practically Explained. Embracing Simple and 
Complete Practical Demonstrations of the Operations of each Element 
in a Slide- Valve Movement, and illustrating the effects of variations in 
their proportions, by examples carefully selected from the most recent 
and successful practice. Illustrated. i2mo. Philadelphia, 1895. ;^i.oo 

Spangler. Valre Gears. 2d edition, revised and enlarged. 8vo. New 
York, 1898. ;^2.5o 

Welch. Treatise on a Practical Method of Designing Slide Valre Gear- 
ing by Simple Geometrical Construction, based upon the principles enun- 
ciated in Euclid's Elements, and comprising the various forms of Plain 
Slide Valve and Expansion Gearing ; together with Stephenson's, Gooch's, 
and Allen's Link Motions, as applied either to reversing or to variable 
expansion combinations. i2mo. London, 1875. $i*50 

Zeuner. Treatise on Valve Gears, with Special consideration of the link 
motions of locomotive engines. 4th edition. Translated by Prof. J. F. 
Klein. 8vo. London, 1884. tl-oo 
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